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STOMAL i 
T h e p u r p o s e o f t h i s s t u d y w a s t o d e t e r m i n e w h e t h e r o r 
n o t t i m e s t u d y o b s e r v e r s w h e n u s i n g d i f f e r e n t t y p e s o f 
t i m i n g d e v i c e s e x h i b i t s i g n i f i c a n t d i f f e r e n c e s i n t h e 
a c c u r a c y a n d p r e c i s i o n w i t h w h i c h t h e y r e a d a n d r e c o r d t i m e 
i n t e r v a l s b e t w e e n t h e t e r m i n a l p o i n t s o f w o r k e l e m e n t s . I n 
t h i s s t u d y a c c u r a c y r e f e r s t o t h e d e v i a t i o n o f a n e s t i m a t e 
f r o m t h e u n i v e r s e o r t r u e v a l u e . P r e c i s i o n r e f e r s t o t h e 
s t a n d a r d d e v i a t i o n o f a v a r i a b l e ; t h e s m a l l e r t h e s t a n d a r d 
d e v i a t i o n , t h e h i g h e r t h e p r e c i s i o n . 
A r e v i e w o f t h e l i t e r a t u r e i n d i c a t e d t h a t s i n c e t h e 
d a y s o f F r e d e r i c k W. T a y l o r , many d e v e l o p m e n t s h a v e t a k e n 
p l a c e i n t h e f i e l d o f w o r k m e a s u r e m e n t . T h e f i r s t s t a n d a r d s 
w e r e e s t a b l i s h e d o n t h e b a s i s o f p a s t p e r f o r m a n c e r e c o r d s 
a n d f o r e m a n ' s e s t i m a t e s . A s t i m e p a s s e d , t h e s t o p w a t c h w a s 
u s e d t o r e c o r d t h e a c t u a l t i m e u s e d b y a n o p e r a t o r . 
U l t i m a t e l y , p e r f o r m a n c e r a t i n g w a s d e v e l o p e d t o i n c r e a s e t h e 
r e l i a b i l i t y o f s t o p w a t c h m e a s u r e m e n t * A l s o , t h e r e a p p e a r s t o 
h a v e b e e n c o n s i d e r a b l e d i f f e r e n c e o f o p i n i o n a m o n g t i m e s t u d y 
men a s t o t h e b e s t p r o c e d u r e f o r m e a s u r i n g s t a n d a r d t i m e . 
Some h a v e c o n c e n t r a t e d t h e i r e f f o r t s o n t h e d e v e l o p m e n t o f 
s y s t e m s o f p r e d e t e r m i n e d m o t i o n - t i m e s . W i t h t h e s e , 
s t a n d a r d t i m e s c a n b e e s t a b l i s h e d b y r e c o r d i n g t h e b a s i c 
V l l l 
m o t i o n o f a n o p e r a t i o n a n d s u m m i n g t h e p r e d e t e r m i n e d l e v e l e d 
t a b u l a t e d t i m e s f o r t h e s e b a s i c m o t i o n s . O t h e r s h a v e 
r e a s o n e d t h a t m i n u t e n e s s o f t i m e m e a s u r e m e n t i s n o t i n 
i t s e l f a m e a n i n g f u l b a s i s o n w h i c h t o j u d g e t h e v a l i d i t y o r 
e v e n t h e r e l i a b i l i t y o f t h e r e s u l t i n g d a t a . T h e y a l s o 
h a v e s h o w n t h a t b a s i c m o t i o n t i m e s a r e n o t c o n s t a n t f o r a l l 
w o r k s i t u a t i o n s . T h e s e t i m e s t u d y m e n h a v e d e v e l o p e d 
s e v e r a l d e v i c e s f o r i m p r o v e m e n t o f t h e a c c u r a c y a n d p r e c i s i o n 
o f t i m i n g a n d l e v e l i n g e l e m e n t s o f w o r k * 
D u e t o t h e v a r i a t i o n s w i t h i n w o r k m e t h o d s a n d t h e 
i n a c c u r a c i e s o f m e a s u r i n g d e v i c e s a n d o b s e r v e r s i n t i m e s t u d y 
w o r k , t h e s t a n d a r d i s b a s e d o n t h e a v e r a g e o f a n u m b e r o f 
o b s e r v a t i o n s ; t h e p e r t i n e n t q u e s t i o n i s w h e t h e r o r n o t t h i s 
a v e r a g e h a s a c c e p t a b l e a c c u r a c y a n d p r e c i s i o n f o r t h e u s e 
t o w h i c h t h e r e s u l t a n t d a t a a r e t o b e p u t * A r e d u c t i o n i n 
the v a r i a b i l i t y o f o b s e r v a t i o n s w i l l allow a reduction in 
t h e n u m b e r o f o b s e r v a t i o n s . 
I n t h i s s t u d y , t h e h y p o t h e s i s w a s m a d e t h a t s t a n d a r d s 
e s t a b l i s h e d b y t h e u s e o f t h e d i f f e r e n t t i m i n g d e v i c e s 
w o u l d s h o w s t a t i s t i c a l l y s i g n i f i c a n t d i f f e r e n c e s a n d t h a t 
o n e o f t h e d e v i c e s w o u l d r e q u i r e f e w e r o b s e r v a t i o n s t h a n t h e 
o t h e r s t o g i v e e q u a l r e s u l t s * T h e e x p e r i m e n t w a s b a s e d o n a 
L a t i n s q u a r e d e s i g n . A L a t i n s q u a r e i s a n e x p e r i m e n t a l 
d e s i g n i n w h i c h t h e e f f e c t s o f o n e f a c t o r a r e g r o u p e d 
a c c o r d i n g t o l e v e l s o f t w o o t h e r f a c t o r s , t h e l e v e l s o f t h e 
i x 
f i r s t f a c t o r b e i n g a s s i g n e d a t r a n d o m , w i t h t h e r e s t r i c t i o n 
t h a t n o o n e l e v e l o f t h e f i r s t f a c t o r w i l l a p p e a r m o r e t h a n 
o n c e w i t h a n y g i v e n l e v e l o f e i t h e r o f t h e o t h e r t w o f a c t o r s . , 
L e v e l i s d e f i n e d a s a g i v e n v a l u e f o r a n y o f t h e f a c t o r s . 
F i v e t i m i n g d e v i c e s w e r e u s e d i n t h i s s t u d y . T h e s e w e r e t h e 
s t o p w a t c h , m a r s t o - c h r o n , a u t o - g r a p h i c t i m e r , w i r e r e c o r d e r , 
a n d e l e c t r o n i c t i m e r . 
I n o r d e r t o e l i m i n a t e v a r i a b i l i t y i n p e r f o r m a n c e , 
a s p e c i a l d e v i c e w a s u s e d t o s i m u l a t e t h e t i m e d o p e r a t i o n . 
O b s e r v e r s w i t h e s s e n t i a l l y e q u a l t i m e s t u d y t r a i n i n g a n d 
e x p e r i e n c e a n d l e a r n i n g a b i l i t y o p e r a t e d t h e f i v e d e v i c e s . 
T h e o b s e r v e r p e r s o n a l d a t a w e r e o b t a i n e d f r o m e m p l o y e r ' s 
r e c o r d s . O b s e r v a t i o n s w e r e made o f l i g h t f l a s h e s g e n e r a t e d 
b y t h e s p e c i a l d e v i c e . T h e a r i t h m e t i c m e a n a n d t h e s t a n d a r d 
d e v i a t i o n w e r e c a l c u l a t e d f o r e a c h e l e m e n t o f t h e t i m e s t u d y , 
a n d a n a l y s i s o f v a r i a n c e t e c h n i q u e s w e r e e m p l o y e d t o 
e v a l u a t e t h e c o m p o n e n t s o f v a r i a n c e w i t h i n t h e s e t w o 
s t a t i s t i c s . 
T h e m a t h e m a t i c a l m o d e l t o d e s c r i b e t h i s e x p e r i m e n t i s : 
x i j (k) - ^ * M A + DJ * ok * eLi (k) 
t a k e n f r o m t h e t a b l e b e l o w . I t s t a t e s t h a t t h e v a l u e o f a n y 
o b s e r v a t i o n i s e q u a l t o a c o n s t a n t p l u s v a r i a t i o n s d u e t o 
t h e o b s e r v e r s , t h e d e v i c e s , t h e o r d e r o f t e s t , a n d t h e 
e r r o r s o f t h e e x p e r i m e n t . 
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S o u r c e o f A b b r e v - a«,w«I«%.4 •«+ C w m u f t l N u m b e r o f V a r i a n c e i a t i o n S u b s c r i p t S y m b o l L e y e l s 
O b s e r v e r s M i M^ 5 
D e v i c e s D j D - 5 
O r d e r o f T e s t O k ° k 5 
B a s e d o n t h e r e s u l t s o f t h e s t a t i s t i c a l a n a l y s i s a n d 
w i t h i n e x p e r i m e n t a l l i m i t a t i o n s , t h e c o n c l u s i o n r e a c h e d w a s 
t h a t t h e d i f f e r e n t t i m i n g d e v i c e s d o , i n f a c t , p r o d u c e d i f ­
f e r e n t r e s u l t s . I n d i c a t i o n s a r e t h a t t h e s t o p w a t c h p r o d u c e s 
t h e l e a s t a c c u r a t e a n d l e a s t p r e c i s e r e s u l t s a n d t h a t t h e 
m a r s t o - c h r o n i s s o m e w h a t m o r e a c c u r a t e t h a n t h e s t o p w a t c h 
b u t l e s s a c c u r a t e a n d l e s s p r e c i s e t h a n t h e o t h e r t h r e e 
d e v i c e s . T h e d i f f e r e n c e s b e t w e e n t h e e l e c t r o n i c t i m e r , t h e 
w i r e r e c o r d e r , a n d t h e a u t o - g r a p h i c t i m e r w e r e n o t s i g n i f i c a n t * 
D i f f e r e n c e s b e t w e e n o b s e r v e r s w e r e n o t s i g n i f i c a n t ; t h e r e ­
f o r e , i t c a n b e s t a t e d t h a t w e l l q u a l i f i e d o b s e r v e r s w i t h 
e q u i v a l e n t e x p e r i e n c e w h e n u s i n g t h e s a m e d e v i c e w i l l g i v e 
s t a t i s t i c a l l y e q u i v a l e n t r e s u l t s . T h e a n a l y s i s i n d i c a t e s , 
h o w e v e r , t h a t t h e s t o p w a t c h i n t h e h a n d s o f w e l l e x p e r i e n c e d 
o b s e r v e r s p r o d u c e s a s o m e w h a t s m a l l e r s t a n d a r d d e v i a t i o n t h a n 
w a s r e p o r t e d b y L a z a r u s , M a g a r , a n d L e n g . T h e s t o p w a t c h a n d 
t h e m a r s t o - c h r o n a r e i n a d e q u a t e f o r t i m i n g a n d r a t i n g 
x i 
e l e m e n t s s h o r t e r t h a n 0 . 0 9 m i n u t e a n d 0 . 0 7 m i n u t e r e s p e c t ­
i v e l y , e s p e c i a l l y w h e n t h e s e o c c u r i n s e q u e n c e , w h i l e t h e 
a u t o - g r a p h i c t i m e r , t h e w i r e r e c o r d e r , a n d t h e e l e c t r o n i c 
t i m e r g i v e a c c e p t a b l e a c c u r a c y a n d p r e c i s i o n f o r e l e m e n t s 
a s s h o r t a s 0 . 0 3 m i n u t e d u r a t i o n a n d a l s o h a v e a d e q u a t e 
p r o v i s i o n f o r t h e o b s e r v e r t o r e c o r d h i s r a t i n g . 
I t i s r e c o m m e n d e d t h a t f u r t h e r i n v e s t i g a t i o n s b e 
m a d e c o m p a r i n g o t h e r t i m e r s w i t h t h e m o r e a c c u r a t e o f t h e 
t i m e r s u s e d i n t h i s e x p e r i m e n t . I n v e s t i g a t i o n a l s o i s 
r e c o m m e n d e d o f t h e e f f e c t t h a t t h e r e c o r d i n g o f l e v e l i n g 
f a c t o r s w o u l d h a v e o n t h e a c c u r a c y a n d p r e c i s i o n o f t h e t h r e e 
d e v i c e s w h i c h s h o w e d n o n - s i g n i f i c a n t d i f f e r e n c e . T h e 
p o s s i b i l i t y t h a t t h e r e s u l t s o f t h i s e x p e r i m e n t d o n o t 
r e p r e s e n t t h o s e w h i c h w o u l d o c c u r u n d e r a c t u a l t i m e s t u d y 
c o n d i t i o n s s h o u l d b e i n v e s t i g a t e d . An i n v e s t i g a t i o n s h o u l d 
b e m a d e o f t h e r e l a t i v e a c c u r a c y o f t i m e s t a n d a r d s 
e s t a b l i s h e d b y p r e d e t e r m i n e d m o t i o n - t i m e s y s t e m s a n d t h o s e 
e s t a b l i s h e d b y o n e o f t h e m o r e a c c u r a t e d e v i c e s u s e d i n t h i s 
s t u d y . T h e r e i s a n e e d t o e s t a b l i s h s o m e g u i d e s o t h a t t h e 
r e q u i r e d l e v e l o f d e t a i l a n d a c c u r a c y i n w o r k m e a s u r e m e n t 
may b e m o r e c l o s e l y r e l a t e d t o t h e r e q u i r e m e n t s o f t h e 
p u r p o s e f o r w h i c h t h e m e a s u r e m e n t i s m a d e , T h i s w o u l d 
i n d i c a t e w h i c h o f t h e s e v e r a l t i m e s t u d y t e c h n i q u e s s h o u l d 




W o r k m e a s u r e m e n t i s n e c e s s a r y s o t h a t q u a n t i t a t i v e 
v a l u e s w i l l b e a v a i l a b l e f o r a s s e s s i n g t h e p r o b a b l e r e s u l t s 
o f p r o p o s e d c h a n g e s i n w o r k m e t h o d s a n d s o t h a t d e c i s i o n s i n 
t e r m s o f q u a n t i f i e d r e f e r e n c e p o i n t s c a n b e m a d e f o r 
m a n a g e r i a l c o n t r o l p u r p o s e s . S t a n d a r d t i m e i s o n e o f t h e 
f o r m s i n w h i c h t h i s r e q u i r e m e n t i s s t a t e d . T h e r e i s n o 
u n i v e r s a l l y s p e c i f i e d l e v e l o f d e t a i l o r a c c u r a c y t o w h i c h 
t h e m e a s u r e m e n t m u s t b e m a d e . T h e d e g r e e o f d e t a i l i s 
d e t e r m i n e d b y t h e v a r i a b i l i t y o f p e r f o r m a n c e t i m e s a n d t h e 
r e q u i r e m e n t s o f t h e u s e t o w h i c h t h e r e s u l t i s t o b e p u t . 
S i n c e t h e d a y s o f F r e d e r i c k W. T a y l o r , m a n y d e v e l o p ­
m e n t s h a v e t a k e n p l a c e i n t h e f i e l d o f w o r k m e a s u r e m e n t . 
S t a n d a r d s h a v e b e e n e s t a b l i s h e d o n t h e b a s i s o f p a s t p e r ­
f o r m a n c e r e c o r d s a n d f o r e m a n ' s e s t i m a t e s a n d b y m e a n s o f t h e 
s t o p w a t c h . I n t h e e a r l y d a y s o f t i m e s t u d y t h e s t o p w a t c h 
w a s u s e d a s a m e a n s o f r e c o r d i n g t h e a c t u a l t i m e s p e n t b y an 
o p e r a t o r , a n d u l t i m a t e l y b e c a m e t h e t o o l f o r e s t a b l i s h i n g 
p i e c e r a t e s . A s t i m e p a s s e d i t w a s r e c o g n i z e d t h a t a c t u a l 
t i m e w a s n o t d e p e n d a b l e a s a b a s i s f o r w o r k m e a s u r e m e n t . 
T h e r e f o r e , a n u m b e r o f s y s t e m s f o r a d j u s t i n g a c t u a l t i m e t o 
a l l o w e d t i m e w e r e d e v i s e d . 
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S o m e o f t h e s e m e t h o d s w e r e b a s e d o n t h e u s e o f 
a v e r a g e , m i n i m u m , o r m o d a l t i m e s i n v a r i o u s c o m b i n a t i o n s . 
U l t i m a t e l y , p e r f o r m a n c e l e v e l i n g w a s d e v e l o p e d , a n d i s s t i l l 
w i d e l y u s e d t h r o u g h o u t t h e w o r l d . T h e u s e o f t h e l e v e l i n g 
t e c h n i q u e g r e a t l y i m p r o v e d t h e r e l i a b i l i t y o f t i m e s t u d y 
m e a s u r e m e n t ; b u t i t s t i l l d e p e n d e d t o s o m e e x t e n t o n t h e 
e l e m e n t o f human j u d g m e n t . 
A s e a r l y a s 1 9 0 0 , t i m e s t u d y men s a w t h e n e e d f o r 
s t a n d a r d i z e d t i m e s t a n d a r d s w h i c h c o u l d b e u s e d t h r o u g h o u t 
i n d u s t r y . I n o r d e r t o a t t a c k t h e p r o b l e m s o f w o r k m e a s u r e m e n t 
m o r e s c i e n t i f i c a l l y , many d i f f e r e n t t e c h n i q u e s h a v e b e e n 
d e v e l o p e d b y t i m e s t u d y m e n . T h e s e t e c h n i q u e s h a v e b e e n 
d e v e l o p e d f o l l o w i n g t w o d i f f e r e n t t h e o r i e s . S o m e o f t h e s e 
men h a v e e x p e n d e d t h e i r e f f o r t s t o w a r d t h e d e v e l o p m e n t o f 
p r e d e t e r m i n e d m o t i o n - t i m e s y s t e m s w h i c h g i v e t h e l e v e l e d 
t i m e s f o r b a s i c w o r k m o t i o n s . O t h e r s h a v e c o n c e n t r a t e d o n 
d e v e l o p m e n t o f m o r e a c c u r a t e m e t h o d s o f t i m i n g a n d r a t i n g 
s o m e w h a t b r o a d e r e l e m e n t s o f w o r k . 
D e v e l o p e r s o f t h e p r e d e t e r m i n e d m o t i o n - t i m e s y s t e m s 
r e c o g n i z e d t h e e f f e c t o f d i s t a n c e m o v e d a n d b o d y m e m b e r 
u s e d o n t h e t i m e t o p e r f o r m m a n u a l m o t i o n s . I n o r d e r t o 
m a k e t h e d a t a f r o m t i m e s t u d i e s a n d / o r m o t i o n p i c t u r e f i l m s 
o f max imum v a l u e , v e r y c o m p l e t e a n d d e t a i l e d i n f o r m a t i o n 
w a s r e c o r d e d f o r e a c h w o r k m o t i o n . E a c h o p e r a t i o n w a s s u b ­
d i v i d e d i n t o s e v e r a l e l e m e n t a l m o t i o n s i n t h e e x p e c t a t i o n 
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T H A T T H E V A R I A B L E S A F F E C T I N G T I M E WOULD B E C L E A R L Y 
D I S T I N G U I S H A B L E . E A C H M O T I O N WAS C L A S S I F I E D A C C O R D I N G TO 
T H E D I S T A N C E M O V E D , T H E B O D Y M E M B E R U S E D , T H E T Y P E A N D 
D E G R E E O F M A N U A L C O N T R O L I N V O L V E D , A N D T H E W E I G H T OR 
R E S I S T A N C E E N C O U N T E R E D . T H E T I M E V A L U E S F O R E A C H E L E M E N T 
O F WORK WERE T A B U L A T E D A C C O R D I N G TO T H E S E V A R I A B L E F A C T O R S , 
W E R E A N A L Y Z E D , A N D W E R E C O R R E L A T E D TO D E T E R M I N E M O T I O N T I M E S . 
U S E O F T H E T E C H N I Q U E S O F T H E S E S Y S T E M S M A K E I T P O S S I B L E TO 
R E C O R D T H E C H A R A C T E R I S T I C S O F A M O T I O N S Y M B O L I C A L L Y , A N D 
F R O M T H I S A N A L Y S I S T O D E R I V E T H E S T A N D A R D T I M E , U S I N G T H E 
M O T I O N T I M E T A B L E S O F T H E P A R T I C U L A R S Y S T E M B E I N G U S E D . 
W H I L E P R E D E T E R M I N E D M O T I O N - T I M E S Y S T E M S W E R E B E I N G 
D E V E L O P E D , T I M E S T U D Y M E N WERE A L S O T R Y I N G TO I M P R O V E T H E 
T E C H N I Q U E S O F M E A S U R E M E N T A N D R A T I N G I N T I M E S T U D I E S . T I M E 
S T U D Y I S A M E T H O D O F M E A S U R I N G T H E WORK C O N T E N T O F H U M A N 
T A S K S . T H I S M E T H O D R E Q U I R E S A measurement O F T H E time 
C O N S U M E D I N P E R F O R M I N G W O R K . I T I M P L I E S C A R E F U L M E A S U R E M E N T 
O F A L L WORK E L E M E N T S B Y M E A N S O F S O M E P R E C I S E I N S T R U M E N T 
D E V E L O P E D F O R T H A T P U R P O S E . I T S E E M S T H A T A D V O C A T E S O F 
T H I S P R O C E D U R E B E L I E V E T H A T P R E D E T E R M I N E D M O T I O N - T I M E S C A N 
N E V E R B E U S E D U N I V E R S A L L Y B E C A U S E M O T I O N T I M E S C A N N O T B E 
C O N S I D E R E D C O N S T A N T F O R A L L WORK S I T U A T I O N S . S I N C E M O T I O N 
T I M E S WERE N O T A D E Q U A T E F O R E S T A B L I S H I N G S T A N D A R D T I M E , T H E 
A L T E R N A T I V E S E E M E D TO B E TO I M P R O V E T H E A C C U R A C Y A N D 
P R E C I S I O N O F M E T H O D S F O R T I M I N G B R O A D E R E L E M E N T S O F WORK 
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s o t h a t t h e r e s u l t a n t s t a n d a r d s w o u l d b e s u i t a b l e f o r w o r k 
m e a s u r e m e n t r e q u i r e m e n t s . I t w a s n e c e s s a r y a l s o t o i m p r o v e 
t h e m e t h o d s b y w h i c h t h e t i m e s t u d y o b s e r v e r c o u l d a s s i g n 
l e v e l i n g f a c t o r s t o a c c o m p a n y t h e m e a s u r e d a c t u a l o r e l a p s e d 
t i m e s . 
T h r o u g h o u t t h e h i s t o r y o f t i m e s t u d y , b u t p a r ­
t i c u l a r l y s i n c e a b o u t 1 9 4 0 , s e v e r a l t i m e s t u d y d e v i c e s , 
b o t h e l e c t r o - m e c h a n i c a l a n d e l e c t r o n i c , h a v e b e e n d e v e l o p e d 
f o r the purpose of improving the accuracy and precision o f 
t i m i n g e l e m e n t s o f w o r k . A l t h o u g h t h e s e d e v i c e s h a v e n o t 
r e c e i v e d w i d e s p r e a d u s a g e , i t s e e m s q u i t e p o s s i b l e t h a t 
u s e o f o n e o f t h e s e d e v i c e s c o u l d l e s s e n t h e d i s a d v a n t a g e s 
o f c o n v e n t i o n a l p r a c t i c e s i n t i m i n g . 
T h e r e a p p e a r s t o b e a n e e d f o r e v a l u a t i n g t h e s e 
d e v i c e s t o d e t e r m i n e w h e t h e r o n e o f t h e m w o u l d , i n f a c t , 
g i v e a m o r e a c c u r a t e s t a n d a r d t h a n t h e o t h e r s . Due t o 
v a r i a t i o n s w i t h i n w o r k m e t h o d s a n d i n a c c u r a c i e s o f t i m i n g 
a n d r a t i n g , t h e s t a n d a r d a t a n y l e v e l o f d e t a i l i s b a s e d o n 
t h e a v e r a g e o f a n u m b e r o f o b s e r v a t i o n s ; t h e p e r t i n e n t 
q u e s t i o n i s w h e t h e r t h i s a v e r a g e h a s a c c e p t a b l e a c c u r a c y 
a n d p r e c i s i o n . T h e d e g r e e o f d e t a i l o f t h e t i m e m e a s u r e ­
m e n t u n i t i s n o t i n i t s e l f a m e a n i n g f u l b a s i s o n w h i c h t o 
j u d g e t h e v a l i d i t y o r e v e n t h e r e l i a b i l i t y o f t h e r e s u l t i n g 
d a t a ; r a t h e r , t h e s e d e p e n d u p o n t h e a c c u r a c y a n d p r e c i s i o n 
o f t h e m e a s u r e m e n t a n d t h e r e l i a b i l i t y o f t h e r a t i n g . 
5 
B a s e d o n t h e a v a i l a b l e i n f o r m a t i o n r e g a r d i n g t i m i n g 
d e v i c e s , i t w a s d e c i d e d t o i n v e s t i g a t e t h e h y p o t h e s i s t h a t 
t i m e s t u d y o b s e r v e r s w h e n u s i n g d i f f e r e n t t y p e s o f t i m i n g 
d e v i c e s e x h i b i t s i g n i f i c a n t d i f f e r e n c e s i n t h e a c c u r a c y 
a n d p r e c i s i o n w i t h w h i c h t h e y r e a d a n d r e c o r d t i m e i n t e r v a l s 
b e t w e e n t h e t e r m i n a l p o i n t s o f w o r k e l e m e n t s . W e b s t e r ' s 
U n a b r i d g e d D i c t i o n a r y g i v e s t h e s e m e a n i n g s f o r a c c u r a t e a n d 
p r e c i s e : 
a c c u r a t e - i n e x a c t o r c a r e f u l c o n f o r m i t y t o t r u t h , 
o r t o s o m e s t a n d a r d 
p r e c i s e - m i n u t e l y e x a c t ; n o t v a r y i n g i n t h e 
s l i g h t e s t d e g r e e f r o m t r u t h , a c c u r a c y , 
s t a n d a r d 
I n t h i s s t u d y a c c u r a c y r e f e r s t o t h e d e v i a t i o n o f a n 
e s t i m a t e f r o m t h e u n i v e r s e o r t r u e v a l u e . P r e c i s i o n r e f e r s 
t o t h e s t a n d a r d d e v i a t i o n o f a v a r i a b l e ; t h e s m a l l e r t h e 
standard d e v i a t i o n , t h e h i g h e r t h e p r e c i s i o n . 
I n t h i s s t u d y f i v e t i m i n g d e v i c e s , i n c l u d i n g t h e s t o p ­
w a t c h , w e r e u s e d t o r e c o r d e l e m e n t s o f a s i m u l a t e d o p e r a t i o n 
f o r w h i c h t h e t r u e e l e m e n t t i m e v a l u e s w e r e k n o w n . S t a t i s ­
t i c a l a n a l y s i s o f v a r i a n c e t e c h n i q u e s w e r e u s e d t o c l a s s i f y 
t h e v a r i a n c e s o f i n d i v i d u a l o b s e r v a t i o n s i n t o m e a n i n g f u l 
c o m p o n e n t s . T h e s e c o m p o n e n t s w e r e t e s t e d f o r s i g n i f i c a n c e 
b y m e a n s o f t h e F i s h e r v a r i a n c e r a t i o t e s t . B a s e d o n t h e s e 
a n a l y s e s , a d e t e r m i n a t i o n a s t o w h i c h d e v i c e w o u l d g i v e t h e 
m o s t a c c e p t a b l e t i m e s t u d y r e s u l t s w a s m a d e . 
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C E R T A I N L I M I T A T I O N S W E R E I N H E R E N T I N T H E D E S I G N o f 
T H I S E X P E R I M E N T . N O D Y N A M I C F A C T O R S L I K E L Y TO B E E N C O U N T E R E D 
I N A C T U A L T I M E S T U D Y P R A C T I C E WERE P R E S E N T . A l s o , T H E 
O B S E R V E R S WERE N O T R E Q U I R E D t o R E C O R D A R A T I N G ; A N D O N L Y 
F U L L Y Q U A L I F I E D O B S E R V E R S W E R E U S E D I N T H I S S T U D Y . 
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C H A P T E R I I 
S U R V E Y O F L I T E R A T U R E 
F R E D E R I C K W . T A Y L O R WAS T H E F I R S T TO U S E T I M E S T U D Y 
WHEN I N 1 8 8 1 H E R E C E I V E D P E R M I S S I O N F R O M T H E P R E S I D E N T O F 
T H E M I D V A L E S T E E L WORKS " T O F I N D O U T HOW Q U I C K L Y T H E V A R I O U S 
K I N D S O F WORK T H A T WENT I N T O T H E S H O P O U G H T TO B E D O N E ( 1 ) . " 
T A Y L O R F S O B J E C T I V E S W E R E TO D E T E R M I N E L A B O R S T A N D A R D S F O R 
A " F A I R D A Y ' S W O R K " A N D TO H E L P T H E W O R K M E N I N A C H I E V I N G 
T H O S E S T A N D A R D S B Y S H O W I N G T H E M P R O P E R WORK M E T H O D S . 
E S S E N T I A L L Y T H E S A M E T E C H N I Q U E O F S T O P W A T C H T I M E S T U D Y 
I N T R O D U C E D A N D D E V E L O P E D B Y T A Y L O R I S S T I L L U S E D E X T E N S I V E L Y 
B Y T I M E S T U D Y M E N T O D A Y . 
T H E R E A R E M A N Y L I M I T A T I O N S I N U S I N G S T O P W A T C H T I M E 
S T U D Y T E C H N I Q U E S F O R WORK M E A S U R E M E N T P U R P O S E S . T H E S E 
L I M I T A T I O N S H A V E B E E N T H E S U B J E C T O F N U M E R O U S S T U D I E S D U R I N G 
T H E H I S T O R Y O F WORK M E A S U R E M E N T , A S H A S B E E N P O I N T E D O U T 
B Y L E H R E R ( 2 ) A N D P R E S G R A V E ( 3 ) , M O S T S T O P W A T C H E S U S E D I N 
T I M E S T U D Y A R E C A L I B R A T E D I N 0 . 0 1 M I N U T E D I V I S I O N S , W I T H A 
P R O B A B L E E R R O R O F 0 . 0 0 5 M I N U T E A S S O C I A T E D W I T H E A C H 
I N D I V I D U A L R E A D I N G . S I N C E I N M O S T T I M E S T U D Y WORK T H E 
W A T C H I S R E A D W I T H T H E H A N D I N M O T I O N ; , T H E O B S E R V E R H A S TO 
" G L I M P S E " T H E R E A D I N G TO T H E N E A R E S T H U N D R E D T H M I N U T E 
W H E T H E R U S I N G S N A P - B A C K OR C O N T I N U O U S T I M I N G . S E V E R A L 
s t u d i e s h a v e b e e n d o n e c o n c e r n i n g t h e r e l a t i v e a c c u r a c y a n d 
p r e c i s i o n o f t h e s e t w o m o s t p o p u l a r t i m i n g m e t h o d s . I n o n e 
i n v e s t i g a t i o n , S w e r d l o v e a n d L l e w e l l y n ( 4 ) h a d o b s e r v e r s 
t i m e a n o p e r a t i o n o f f i v e e l e m e n t s r a n g i n g i n d u r a t i o n f r o m 
0 . 0 4 t o 0 . 1 5 m i n u t e b y v i e w i n g m o t i o n p i c t u r e s . F r o m t h e i r 
s t a t i s t i c a l a n a l y s i s , w i t h i n c e r t a i n l i m i t a t i o n s d i c t a t e d b y 
t h e c i r c u m s t a n c e s u n d e r w h i c h t h e d a t a w e r e g a t h e r e d , t h e 
f o l l o w i n g c o n c l u s i o n s w e r e d r a w n : 
" 1 . T h e r e i s a d e f i n i t e b i a s o r t e n d e n c y t o r e a d 
e l e m e n t s t o o s h o r t w h e n u s i n g t h e s n a p - b a c k m e t h o d ; 
w h e n t h e p r o p e r c o r r e c t i o n i s a p p l i e d f o r t h i s b i a s , 
h o w e v e r , t h e t w o m e t h o d s p r o d u c e d a b o u t t h e s a m e 
r e s u l t s . 
" 2 . E l e m e n t s s h o r t e r t h a n . 0 5 m i n u t e s c a n b e t i m e d a n d 
i n s o m e c i r c u m s t a n c e s a t l e a s t , e l e m e n t s a s s h o r t a s 
. 0 4 m i n u t e s c a n b e t i m e d a c c u r a t e l y w i t h e i t h e r m e t h o d . 
I n a l a t e r s t u d y , L a z a r u s ( 5 ) , b y u s i n g b o t h v i s u a l a n d 
a u d i b l e s t i m u l i f o r e l e m e n t s o f f r o m 0 o 0 4 t o 0 . 3 9 m i n u t e , 
f o u n d t h a t t h e s t a n d a r d d e v i a t i o n w a s e q u a l t o 0 . 0 0 8 1 
m i n u t e f o r b o t h m e t h o d s o f t i m i n g b u t t h a t t h e c o n t i n u o u s 
m e t h o d s h o w e d l e s s d e v i a t i o n f r o m t h e t r u e m e a n c 
A b r u z z i ( 6 ) r e p o r t e d e s s e n t i a l l y t h e s a m e r e s u l t s i n a 
s i m i l a r s t u d y . I n h i s i n v e s t i g a t i o n , o b s e r v e r s u s e d b o t h 
m e t h o d s t o t i m e a s k i l l e d o p e r a t o r i n a t h r e e e l e m e n t b o l t 
a n d n u t a s s e m b l y o p e r a t i o n w h i c h a v e r a g e d 0 0 1 0 m i n u t e i n 
d u r a t i o n . S t a t i s t i c a l t e s t s s h o w e d e l e m e n t a n d c y c l e t i m e s 
t o b e s i g n i f i c a n t l y s m a l l e r b y t h e s n a p - b a c k m e t h o d . T h e 
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difference between cycles was less pronounced than between 
elements* Standard deviations for elements and for cycles 
were found to be of the same order of magnitude for both 
methods. "Thus, the snap-back method is less accurate than 
the continuous method, where accuracy is measured in terms 
of the error of estimate. However, the two methods are 
equally precise, where precision is measured in terms of the 
degree of variation." About short elements, approximately 
0.02 minute in duration, Abruzzi had this to say: 
The almost constant readings for the first element 
bring up a point of fundamental importance concerning 
measurement methods and their properties. These 
readings illustrate the fact that constancy appears 
to exist when the element observed is of the same 
order of magnitude as the measuring instrument* This 
implies that constancy is not a property of the 
element itself. Instead it shows that the measuring 
instrument is inadequate under these conditions and 
should be replaced by one which is more sensitive, 
A number of techniques have been developed to aid 
the observer with the problem of gathering accurate data, 
Barnes (7) and Mundel (8) suggest that the observer hold the 
time study board so that the watch is in the line of vision 
between the observer and the operator 0 This enables the 
time study observer to more easily concentrate on the three 
items demanding his attention - the watch, the operator, and 
the observation sheet. Along somewhat the same line of 
thought, Lowery, Maynard, and Stegemerten (9) reasoned that 
"eye-strain" and "tendency toward uncertainty" would be 
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G R E A T L Y R E L I E V E D O N T H E P A R T O F T H E T I M E S T U D Y O B S E R V E R I F 
H I S E Y E S WERE " K E P T D I R E C T L Y O N T H E W A T C H " R A T H E R T H A N S H I F T I N G 
F R O M W A T C H TO O P E R A T O R . T H I S S U G G E S T I O N M E A N S T H A T T H E 
O B S E R V E R S H O U L D P L A C E H I M S E L F S U C H T H A T H E C A N F O C U S H I S 
V I S I O N O N T H E S T O P W A T C H A N D S T I L L S E E C L E A R L Y T H E M O V E M E N T S 
O F T H E O P E R A T O R I N T H E B A C K G R O U N D . TWO O T H E R M E T H O D S O F 
T I M I N G , A C C U M U L A T I V E A N D A T H R E E W A T C H M E T H O D C A L L E D " Q U I C K -
C L I C K , " H A V E B E E N U S E D TO A L I M I T E D E X T E N T . T H E S E WOULD 
S E E M T O G I V E G R E A T E R E A S E A N D A C C U R A C Y O F R E A D I N G S I N C E T H E 
H A N D O F T H E W A T C H I S N O T I N M O T I O N A T T H E T I M E T H E W A T C H I S 
R E A D . B A R N E S ( 1 0 ) D E S C R I B E S A C C U M U L A T I V E T I M I N G A S F O L L O W S : 
T H E S E [ T W O ] W A T C H E S A R E M O U N T E D C L O S E T O G E T H E R O N T H E 
O B S E R V A T I O N B O A R D A N D A R E C O N N E C T E D B Y A L E V E R M E C H A N I S M 
I N S U C H A WAY T H A T , WHEN T H E F I R S T W A T C H I S S T A R T E D , 
T H E S E C O N D I S A U T O M A T I C A L L Y S T O P P E D . WHEN T H E S E C O N D 
W A T C H I S S T A R T E D T H E F I R S T I S S T O P P E D C T H E W A T C H M A Y 
B E S N A P P E D B A C K TO Z E R O I M M E D I A T E L Y A F T E R I T I S R E A D , 
T H U S M A K I N G S U B T R A C T I O N S U N N E C E S S A R Y , 
C Y R O L ( 1 1 ) D I S C U S S E S A M E T H O D O F U S I N G T H R E E W A T C H E S M O U N T E D 
O N A S P E C I A L T I M E S T U D Y B O A R D A N D O P E R A T E D B Y O N E L E V E R A 
E A C H C L I C K O F T H E L E V E R S T A R T S O N E W A T C H , S T O P S O N E , A N D 
S N A P S O N E B A C K TO Z E R O . T H I S A L L O W S T H E O B S E R V E R TO R E A D T H E 
L O C K E D - I N - P L A C E T I M E F O R E A C H P R E C E D I N G E L E M E N T W H I L E T I M I N G 
T H E S U C C E S S I V E O N E . 
C L O S E L Y R E L A T E D TO T H E L I M I T A T I O N S O F S T O P W A T C H 
R E A D I N G I S T H E Q U E S T I O N O F HOW M A N Y R E A D I N G S TO T A K E , . T H E 
N U M B E R O F W A T C H R E A D I N G S R E Q U I R E D TO O B T A I N A N A C C E P T A B L E 
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m e a n e l e m e n t t i m e a l w a y s h a s b e e n a c o n t r o v e r s i a l p a r t o f 
t i m e s t u d y p r o c e d u r e . S o m e t i m e s t u d y o b s e r v e r s " s e l e c t " a 
g o o d e l e m e n t a l v a l u e b y i n s p e c t i o n f r o m t h e i n d i v i d u a l 
r e c o r d i n g s o A n o t h e r g r o u p o f o b s e r v e r s r e l y o n s o m e 
a r b i t r a r y n u m b e r o f o b s e r v a t i o n s t o g i v e w h a t i s b e l i e v e d t o 
b e a n a c c u r a t e m e a n . T h e r e i s a r e l a t i v e l y n e w a p p r o a c h t h a t 
i s g a i n i n g s u p p o r t r a p i d l y , b u t i t h a s t h e d i s a d v a n t a g e o f 
b e i n g m e r e l y a c h e c k o n t h e a d e q u a c y o f t h e n u m b e r o f o b ­
s e r v a t i o n s f r o m a s t a t i s t i c a l v i e w p o i n t 0 H e r e , " t h e 
o b s e r v a t i o n s a r e a n a l y z e d b y s t a t i s t i c a l m e t h o d s t o d e t e r m i n e 
r e l i a b i l i t y , a n d i f t h e v a l u e s a r e n o t s a t i s f a c t o r y t h e n 
a d d i t i o n a l o b s e r v a t i o n s m u s t b e o b t a i n e d " ( 1 2 ) . T h e 
v a r i a b i l i t y o f t h e o b s e r v e d t i m e s c a n b e u s e d t o e s t i m a t e 
t h e n u m b e r o f a d d i t i o n a l o b s e r v a t i o n s r e q u i r e d f o r a g i v e n 
r e l i a b i l i t y . 
S t a t i s t i c a l a n a l y s e s u s e d t o d e t e r m i n e o b s e r v a t i o n 
a d e q u a c y o f t h e t i m e s t u d y s a m p l e h a v e i n d i c a t e d t h a t t h e 
v a r i a b i l i t y o f i n d i v i d u a l o b s e r v a t i o n s c o n t a i n s t w o e l e m e n t s : 
1 . T i m e d v a r i a t i o n - d u e t o many c h a n c e h a p p e n i n g s 
s u c h a s o p e r a t o r a c t i o n s o r v a r i a t i o n s i n m e t h o d s , 
m a t e r i a l s , e q u i p m e n t p e r f o r m a n c e 9 w o r k p l a c e 
l a y o u t , e t c . 
2 . T i m i n g v a r i a t i o n - d u e t o t h e c h a r a c t e r i s t i c s o f t h e 
t i m i n g d e v i c e a n d t h e o b s e r v e r u s i n g i t „ 
I n a s t u d y t o a n a l y z e s o m e o f t h e c a u s e s o f t i m e d v a r i a t i o n , 
F o r r e s t e r ( 1 3 ) f o u n d n o e v i d e n c e o f a r e l a t i o n s h i p e x i s t i n g 
b e t w e e n t h e t i m e d v a r i a n c e a n d t h e l e n g t h o f t h e e l e m e n t , 
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b u t t h e c o r r e l a t i o n b e t w e e n t h e t i m e d v a r i a n c e a n d c o m p l e x i t y 
o f e l e m e n t s w a s * s t a t i s t i c a l l y , h i g h l y s i g n i f i c a n t . T h e 
r e s u l t s o f a n i n v e s t i g a t i o n b y M a g a r ( 1 4 ) c o n c e r n i n g t i m i n g 
v a r i a t i o n i n d i c a t e t h a t : 
T h e p r i m a r y c a u s e o f e r r o r s i n w a t c h r e a d i n g i s 
v a r i a b i l i t y w i t h i n t h e o b s e r v e r , . . . . C a n d l * * * i t 
a p p e a r s t h a t t h e m a g n i t u d e o f w a t c h r e a d i n g e r r o r c a n n o t 
b e r e d u c e d b y b e t t e r s e l e c t i o n o f t i m e - s t u d y t r a i n e e s , 
b u t s h o u l d b e e f f e c t e d b y t r a i n i n g p r o g r a m s d i r e c t e d a t 
a l l t i m e - s t u d y men i n a c o m p a n y r e g a r d l e s s o f 
e x p e r i e n c e . * . . 
I t a l s o a p p e a r s t h a t t h e r u l e o f t h u m b l i m i t i n g t i m e -
s t u d y e l e m e n t s t o a t l e a s t , 0 5 m i n u t e s i s v a l i d a * . * 
F i n a l l y , t h e s t a n d a r d d e v i a t i o n s o b s e r v e d i n t h i s 
e x p e r i m e n t f o r w a t c h r e a d i n g e r r o r s r a n g e d f r o m , 0 0 5 
t o . 0 1 m i n u t e s a n d a v e r a g e d b e t w e e n „ 0 0 7 a n d 0 0 0 8 
m i n u t e s * T h i s a g r e e s c l o s e l y w i t h t h e r e s u l t s o f M r , 
L a z a r u s f o r v i s u a l b r e a k p o i n t e l e m e n t s * 
Some t i m e s t u d y a u t h o r i t i e s b e l i e v e t h a t t h e m o r e 
m i n u t e t h e m e a s u r e m e n t , t h e m o r e u s e f u l i s t h e r e s u l t * An 
o u t g r o w t h o f t h i s b e l i e f h a s b e e n t h e s e v e r a l p r e d e t e r m i n e d 
m o t i o n - t i m e s y s t e m s s u c h a s " W o r k F a c t o r " ( 1 5 ) , " M e t h o d s -
T i m e - M e a s u r e m e n t " ( 1 6 ) , a n d " B a s i c M o t i o n T i m e s t u d y " ( 1 7 ) , 
T i m e s t u d i e s a n d / o r m o t i o n p i c t u ^ f i l m s o f many t y p e s o f 
o p e r a t i o n s w e r e s t u d i e d a n d t h e o p e r a t o r a c t i v i t y w a s 
c a t e g o r i z e d i n t o c e r t a i n b a s i c m o t i o n s < > T h e s e m o t i o n s w e r e 
c l a s s i f i e d a c c o r d i n g t o t h e d i s t a n c e m o v e d , t h e b o d y m e m b e r 
u s e d , t h e t y p e a n d d e g r e e o f m a n u a l c o n t r o l i n v o l v e d , a n d 
t h e w e i g h t o r r e s i s t a n c e e n c o u n t e r e d * L e v e l e d t i m e s f o r 
p e r f o r m a n c e w e r e a s s i g n e d t o t h e s e m o t i o n s f r o m a n a l y s i s a n d 
c o r r e l a t i o n o f t h e v a r i a b l e f a c t o r s * T o u s e t h e s y s t e m a 
t i m e s t u d y man m e r e l y h a s t o a n a l y z e a n y m a n u a l o p e r a t i o n 
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i n t o i t s b a s i c m o t i o n s , s e l e c t a n d r e c o r d , f r o m t a b l e s , t i m e s 
f o r t h e s e m o t i o n s . T h e sum o f a l l t h e m o t i o n t i m e s g i v e s 
t h e s t a n d a r d t i m e f o r t h e o p e r a t i o n . 
T h e s e s y s t e m s i m p l y t h a t e l e m e n t s a n d m o t i o n s h a v e 
c o n s t a n t t i m e s u n d e r a n y c o n d i t i o n s » T h i s p r o b a b l y i s n o t 
t r u e a c c o r d i n g t o N a d l e r a n d W i l k e s ( 1 8 ) w h o f o u n d t h a t t o 
c h a n g e t h e m e c h a n i c a l p r o c e d u r e f o r o n e t h e r b l i g ( b a s i c m o t i o n ) 
p r o d u c e d s t a t i s t i c a l l y s i g n i f i c a n t c h a n g e s a l s o i n t h e t i m e s 
o f t h e a d j a c e n t t h e r b l i g s i n t h e m o t i o n p a t t e r n . I n a 
s o m e w h a t d i f f e r e n t t y p e o f e x p e r i m e n t : , N a d l e r a n d D e n h o l m ( 1 9 ) 
a r r i v e d a t a l m o s t t h e s a m e r e s u l t s a n d c o n c l u s i o n s . A f t e r a 
s t a t i s t i c a l a n a l y s i s o f d i f f e r e n t t e s t s , A b r u z z i s a y s " 
" T h e s e f i n d i n g s , t h e n , c l i n c h t h e a r g u m e n t a g a i n s t t h e c l a i m 
t h a t e l e m e n t s ( a n d m o t i o n s ) h a v e c o n s t a n t t i m e s . . . ( 2 0 ) „ M 
U s i n g a n a l y s i s o f v a r i a n c e t e c h n i q u e s t o c o m p a r e t h r e e m o t i o n -
t i m e s y s t e m s , D a v i d s o n ( 2 1 ) c o n c l u d e d ; 
T h e r e f o r e , o n t h e b a s i s o f t h e e v i d e n c e a n a l y z e d i n 
t h i s i n v e s t i g a t i o n we c a n n o t b e l i e v e t h e c l a i m s o f 
a c c u r a c y a d v a n c e d i n b e h a l f o f t h e s e s y s t e m s . T r u e , 
o n e o f t h e m m i g h t b e a c c u r a t e a B u t a l l a r e e q u a l l y 
s u s p e c t , a n d u n t i l t h e a d v o c a t e s o f s o m e o n e o f t h e m 
c a n p r o d u c e o b j e c t i v e e v i d e n c e o f a c c u r a c y we p r e f e r 
t o r e g a r d a l l t h e c l a i m s w i t h s o m e s k e p t i c i s m , 
M - T - M a u t h o r s a l s o c o n t e n d t h a t w h e n t w o m o t i o n s a r e 
p e r f o r m e d s i m u l t a n e o u s l y , t h e o n e r e q u i r i n g t h e m o r e t i m e i s 
a " l i m i t i n g m o t i o n . " T h e y u s e t h e a n a l o g y ( 2 2 ) o f r e a d i n g a 
l e t t e r w h i c h r e q u i r e s 5 m i n u t e s w h i l e r i d i n g t o w o r k w h i c h 
r e q u i r e s 1 5 m i n u t e s t o s u p p o r t t h e i r r e a s o n i n g t h a t o n l y 
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t h e t i m e v a l u e f o r t h e m o t i o n r e q u i r i n g t h e g r e a t e r a m o u n t o f 
t i m e s h o u l d b e u s e d . D a v i d s o n ( 2 3 ) p o i n t s o u t t h a t t h i s 
a n a l o g y d o e s n o t a c t u a l l y c o r r e s p o n d w i t h t h e c a s e o f 
c o m b i n i n g m o t i o n s s i n c e t h e o p e r a t o r w o u l d n o t b e a c t i v e l y 
i n v o l v e d i n b o t h o p e r a t i o n s * He s a y s t h e r e i s a d e q u a t e 
e x p e r i m e n t a l e v i d e n c e t o r e j e c t t h i s r e a s o n i n g , b u t " i f n o 
o t h e r c o n s i d e r a t i o n s a t a l l w e r e i n v o l v e d , t h e u n i q u e n e s s 
o f t h e M - T - M e l e m e n t s w o u l d a p p e a r t o b e d e n i e d b y t h e 
a s s u m p t i o n o f a ' l i m i t i n g m o t i o n ' * " 
A f t e r a s t u d y o f t h e l i t e r a t u r e i n t h e f i e l d o f t i m e 
s t u d y , o n e i s l e d t o t h e c o n c l u s i o n t h a t n e i t h e r t h e t e c h ­
n i q u e s o f s t o p w a t c h t i m e s t u d y n o r t h o s e o f p r e d e t e r m i n e d 
m o t i o n - t i m e s y s t e m s w i l l a d e q u a t e l y s a t i s f y t h e t w o f u n d a m e n t a l 
r e a s o n s f o r m e a s u r e m e n t . 0 ( 1 ) s o t h a t q u a n t i t a t i v e v a l u e s 
w i l l b e a v a i l a b l e f o r a s s e s s i n g t h e p r o b a b l e r e s u l t s o f 
p r o p o s e d c h a n g e s i n w o r k m e t h o d s a n d ( 2 ) s o t h a t t h o s e w h o 
w i l l u s e t h e m e a s u r e m e n t f o r c o n t r o l p u r p o s e s c a n make 
d e c i s i o n s i n t e r m s o f q u a n t i f i e d r e f e r e n c e p o i n t s . I t i s 
t h e r e f o r e a p p a r e n t t h a t a r e q u i r e m e n t e x i s t s f o r a t i m e s t u d y 
t e c h n i q u e w h i c h w i l l e s t a b l i s h t i m e s t u d y d a t a t o t h e 
r e q u i r e d d e g r e e o f d e t a i l w i t h a s a t i s f a c t o r y d e g r e e o f 
a c c u r a c y * 
I n v i e w o f t h i s r e q u i r e m e n t , s e v e r a l t i m e s t u d y 
d e v i c e s h a v e b e e n d e v e l o p e d f o r t h e p u r p o s e o f i m p r o v i n g 
t h e a c c u r a c y a n d p r e c i s i o n o f t i m i n g e l e m e n t s o f w o r k * A s 
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e a r l y a s 1 9 0 7 , F r a n k G i l b r e t h d e v e l o p e d a s p r i n g d r i v e n 
t i m i n g m a c h i n e c a l l e d a m i c r o c h r o n o m e t e r . I n 1 9 1 9 , M e r r i c k 
e m p h a s i z e d t h e n e e d f o r a m o r e a c c u r a t e t i m i n g d e v i c e i n 
h i s p a p e r , " T i m e S t u d i e s f o r R a t e S e t t i n g " ( 2 4 ) . S o o n 
t h e r e a f t e r , W i l l i a m s d e v e l o p e d a t i m e s t u d y m a c h i n e ( 2 5 ) . 
T h i s w a s a s p r i n g d r i v e n d e v i c e w h i c h h a d p e n s t r a c i n g l i n e s 
o n a s t r i p o f p a p e r w h i c h m o v e d a t a u n i f o r m r a t e . 
T h e n e x t n o t e w o r t h y m a c h i n e , d e v e l o p e d b y M a r s t o n ( 2 6 ) 
i n 1 9 3 8 , w a s c a l l e d " M a r s t r o - c h r o n e " T h i s d e v i c e h a d s i x 
k e y s w h i c h a c t u a t e d p e n s n o r m a l l y b e a r i n g a g a i n s t a p a p e r 
s t r i p w h i c h m o v e d t e n i n c h e s p e r m i n u t e 0 T h e t i m e d u r a t i o n 
b e t w e e n t h e s u c c e s s i v e e l e m e n t a l e n d - p o i n t s o n t h e p a p e r 
w a s m e a s u r e d b y m e a n s o f a s p e c i a l t r a n s p a r e n t s c a l e 
g r a d u a t e d i n 0 . 0 1 i n c h i n c r e m e n t s . E l e m e n t a l t i m e s w e r e 
e s t i m a t e d t o 0 . 0 0 1 m i n u t e t h r o u g h t h e u s e o f t h i s s c a l e e 
T h e o r i g i n a l m a r s t o - c h r o n w a s l a t e r r e f i n e d b y r e d u c i n g t h e 
n u m b e r o f k e y s f r o m s i x t o t w o a n d r e p l a c i n g t h e p e n s , 
w h i c h o r i g i n a l l y s c r i b e d d u r i n g t h e t i m e t h e r e s p e c t i v e 
e l e m e n t s w e r e n o t b e i n g p e r f o r m e d , w i t h i n k e d m a r k e r s w h i c h 
m a r k t h e p a p e r o n l y w h e n t h e k e y s a r e d e p r e s s e d E A l i m i t e d 
n u m b e r o f d i f f e r e n t e l e m e n t s may b e i d e n t i f i e d b y a d o p t i n g 
a c o d e p a t t e r n o f t h e t w o k e y s 0 
A d e v i c e c a l l e d a " W i n k C o u n t e r " w a s o r i g i n a t e d b y 
P o r t e r ( 2 7 ) i n 1 9 3 9 . T h i s d e v i c e h a s t h r e e r e v o l v i n g d i s c s 
e a c h h a v i n g n u m b e r s a b o u t i t s c i r c u m f e r e n c e f r o m w h i c h t h e 
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t i m e c a n b e r e a d a c c u r a t e l y t o 0 , 0 0 5 m i n u t e f o r t i m e s t u d i e s . 
F o r m o t i o n s t u d y , a h e l i x may b e u s e d o n t h e d e v i c e a n d a n 
a c c u r a c y t o t h e n e a r e s t " w i n k " o r 0 , 0 0 0 5 m i n u t e i s a t t a i n a b l e . 
T h u e s e n h a s d e v e l o p e d t h r e e t i m e r e c o r d i n g d e v i c e s 
f o r u s e i n m o t i o n a n d t i m e s t u d y . T h e f i r s t o f t h e s e i s a 
c o m p l e x d e v i c e ( 2 8 ) w h i c h r e c o r d s t w e l v e e l e m e n t s t o t h e 
n e a r e s t 0 * 0 0 0 1 m i n u t e . T h i s m a c h i n e w a s b u i l t f o r r e s e a r c h 
i n m o t i o n s t u d y . T h u e s e n ° s s e c o n d t i m i n g d e v i c e ( 2 9 ) i s 
i n t e n d e d m o r e f o r t i m e s t u d y w o r k . I t i s a p p r o x i m a t e l y 
t h r e e i n c h e s t h i c k , s h a p e d s i m i l a r t o a t i m e s t u d y b o a r d , 
a n d h a s a p p r o x i m a t e l y t h e s a m e s u r f a c e a r e a a s a t i m e s t u d y 
b o a r d . E l e m e n t s o f t i m e a r e o b t a i n e d b y d r i v i n g t w o p r i n t 
w h e e l s w i t h a s y n c h r o n o u s m o t o r . T h e s e w h e e l s a r e g r a d u a t e d 
f r o m 0 0 t o 9 9 a r o u n d t h e c i r c u m f e r e n c e a n d a r e g e a r e d s o 
t h a t t h e y r e c o r d t o t h e n e a r e s t 0 * 0 0 1 m i n u t e * T h e t i m e 
r e c o r d i n g i s a c c o m p l i s h e d b y o p e r a t i n g a l e v e r w h i c h d e p r e s s e s 
a h a m m e r , s u r r o u n d e d b y a n i n k e d r i b b o n , a g a i n s t a s t r i p o f 
p a p e r w h i c h i s d i r e c t l y o v e r t h e p r i n t w h e e l . T h e s t r i p o f 
p a p e r a d v a n c e s o n e p o s i t i o n a f t e r e a c h r e c o r d i n g . I d e n t i f y ­
i n g n o t e s a n d s y m b o l s may b e w r i t t e n b e s i d e e a c h r e c o r d i n g . 
T h u e s e n ' s l a t e s t t i m i n g d e v i c e ( 3 0 ) , i s a n i m p r o v e m e n t 
o v e r t h e o n e j u s t d e s c r i b e d . I t w i l l d i r e c t l y r e c o r d e l a p s e d 
t i m e s o f w o r k e l e m e n t s o f 0 . 0 0 1 t o 9 . 9 9 9 m i n u t e s ' d u r a t i o n 
t o t h e n e a r e s t 0 . 0 0 1 m i n u t e * F i v e l e t t e r e d k e y s a r e p r o v i d e d 
f o r i d e n t i f y i n g e l e m e n t s f o r w h i c h t h e r e c o r d e d t i m e s a p p l y . 
1 7 
A s o m e w h a t d i f f e r e n t a p p r o a c h t o t h e t i m e s t u d y 
r e c o r d i n g p r o b l e m w a s m a d e b y J o n e s ( 3 1 ) i n 1 9 4 9 0 I n t h i s 
t i m e s t u d y m e t h o d , a w i r e r e c o r d e r i s s e t u p n e a r t h e 
o p e r a t i o n t o b e t i m e s t u d i e d . T h e t i m e s t u d y man s h a r p l y 
t a p s t h e m i c r o p h o n e a t t h e e n d o f e a c h e l e m e n t i n t h e s t u d y 
He r e c o r d s o t h e r i n f o r m a t i o n a b o u t t h e o p e r a t i o n b y s p e a k i n g 
i n t o t h e m i c r o p h o n e . A f t e r t h e t i m e s t u d y i s c o m p l e t e d , 
t h e r e c o r d e d i n f o r m a t i o n i s " p l a y e d b a c k , " U s i n g a r e v o l u t i o n 
c o u n t e r g e a r e d t o t h e r e c o r d i n g w i r e t a k e - u p d r u m , t h e t i m e 
i n t e r v a l s b e t w e e n s u c c e s s i v e t a p s ( e l e m e n t a l t i m e s ) a r e 
r e a d t o t h e n e a r e s t 0 . 0 0 1 m i n u t e a n d a r e p o s t e d t o a t i m e 
s t u d y s h e e t . O t h e r r e c o r d e d i n f o r m a t i o n a l s o i s p o s t e d t o 
t h e t i m e s t u d y s h e e t . 
J o n e s d e v e l o p e d a n o t h e r t y p e o f timing d e v i c e i n 
1 9 5 2 ( 3 2 , 3 3 ) « T h i s w a s l a t e r i m p r o v e d a n d c a l l e d t h e 
" A u t o - G r a p h i c T i m e S t u d y M a c h i n e " ( 3 4 ) „ T h i s device h a s a 
c y l i n d e r 1 2 3 / 8 i n c h e s l o n g b y 4 i n c h e s i n d i a m e t e r d r i v e n 
b y a s y n c h r o n o u s m o t o r a t e i t h e r 4 o r 4 0 r e v o l u t i o n s p e r 
m i n u t e . A r o u n d t h i s c y l i n d e r a r e s i x m u t u a l , t i m e c h a r t -
b e a r i n g s l i p - f i t s h e l l s . A r e c o r d i n g a n d i n d e x i n g m e c h a n i s m 
a n d s h e l l s t a r t a n d s t o p r e l a y s c o m p l e t e t h e a r r a y o f c o m ­
p o n e n t s . F o r t h e r e c o r d i n g o f d a t a , a p r o p e r l y c a l i b r a t e d 
g r a p h i c c h a r t r e p r e s e n t i n g a t i m e s t u d y e l e m e n t i s p l a c e d 
a r o u n d e a c h o f t h e s i x s h e l l s . T h e s e c h a r t s may b e s c a l e d 
f o r b o t h a c t u a l a n d l e v e l e d t i m e s . At t h e e n d o f e a c h 
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e l e m e n t o f a t i m e s t u d y , t h e o b s e r v e r t a p s a s w i t c h k n o b 
c o r r e s p o n d i n g t o t h e e l e m e n t b e i n g t i m e d . T h i s c a u s e s t w o 
r e l a y s t o o p e r a t e s i m u l t a n e o u s l y . O n e p o s t s a " r e a d i n g " 
t o t h e p r o p e r t i m e c h a r t a n d t h e o t h e r c a u s e s t h e s u c c e e d i n g 
t i m e c h a r t t o s t a r t r e v o l v i n g . P r o p e r i n d e x i n g o f t h e 
p o s t i n g m e c h a n i s m t o c o m p e n s a t e f o r a b o v e o r b e l o w n o r m a l 
p a c e w i l l a l l o w l e v e l e d t i m e s t o b e p o s t e d . A t t h e c o m ­
p l e t i o n o f a t i m e s t u d y , t h e c h a r t s a r e r e m o v e d f r o m t h e 
s h e l l s a n d e l e m e n t t i m e s a r e r e a d d i r e c t l y f r o m t h e c h a r t s . 
T h e f i e l d o f e l e c t r o n i c s h a s b e e n a p p l i e d t o w o r k 
m e a s u r e m e n t i n r e c e n t y e a r s , R o w e ( 3 5 ) d e s c r i b e s a n 
e x p e r i m e n t a l e l e c t r o n i c t i m e m e a s u r i n g m a c h i n e b u i l t b y 
C l a r y M u l t i p l i e r C o r p o r a t i o n , T h i s i s a c o m b i n a t i o n c o u n t i n g 
a n d p r i n t i n g u n i t . A c c u r a c y i s o b t a i n e d b y u s e o f a q u a r t z 
c r y s t a l w h i c h c o n t r o l s t h e p u l s e i n p u t t o a n e l e c t r o n i c 
d e c a d e c o u n t e r . E l e c t r i c a l p u l s e s c a n b e m e a s u r e d w i t h 
t h i s d e v i c e t o w i t h i n o n e p u l s e i n o n e m i l l i o n , o r o n e 
m i l l i o n t h o f a s e c o n d . T h e c o u n t e r f e e d s t h e a c c u m u l a t e d 
p u l s e s i n t o a r e a d - o u t m a c h i n e w h i c h p r i n t s t h e t i m e t o t h e 
n e a r e s t 0 . 0 0 1 m i n u t e . E a c h e l e m e n t o f e a c h c y c l e c a n b e 
i d e n t i f i e d b y p r e s s i n g k e y s w h i c h p r i n t a n i n d e x n u m b e r 
b e s i d e t h e r e s p e c t i v e t i m e v a l u e . A l e v e l i n g f a c t o r a l s o 
may b e p r i n t e d b e s i d e t h e e l e m e n t t i m e t o w h i c h t h e r a t i n g 
a p p l i e s . 
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" U n f o r t u n a t e l y , f a c t u a l d a t a o n t h e c o m p a r a t i v e 
a c c u r a c y a n d p r e c i s i o n o f a l l t h e t i m e - m e a s u r e m e n t i n s t r u m e n t s 
d i s c u s s e d e a r l i e r i n t h i s c h a p t e r i s n o t a v a i l a b l e . " T h i s 
s t a t e m e n t i s m a d e b y B u f f a i n S e c t i o n 3 , C h a p t e r 2 , " M e t h o d s 
o f M e a s u r i n g T i m e , " o f t h e I n d u s t r i a l E n g i n e e r i n g H a n d b o o k 
( 3 6 ) a f t e r h a v i n g d e s c r i b e d s o m e o f t h e d e v i c e s w h i c h h a v e 
b e e n d i s c u s s e d h e r e . He f u r t h e r s t a t e s . "A f e w c o m p a r a t i v e 
s t u d i e s h a v e b e e n m a d e o n t h e s t o p w a t c h , t h e m a r s t o c h r o n , 
a n d t h e w i n k c o u n t e r i n c o m b i n a t i o n w i t h a c a m e r a . " 
O n e o f t h e s e s t u d i e s w a s c o n d u c t e d b y L e n g ( 3 7 ) i n 
1 9 4 1 . H i s r e s e a r c h r e v e a l e d s t a n d a r d d e v i a t i o n s o f 
0 . 0 0 1 6 5 m i n u t e f o r t h e m a r s t o - c h r o n , 0 . 0 0 4 2 6 m i n u t e f o r t h e 
w i n k c o u n t e r , a n d 0 . 0 0 9 4 7 m i n u t e f o r t h e s t o p w a t c h ( c o n ­
t i n u o u s t i m i n g m e t h o d ) . He c o n c l u d e d t h a t t w o t o f i v e t i m e s 
a s many o b s e r v a t i o n s a r e n e c e s s a r y w i t h t h e s t o p w a t c h a s 
w i t h t h e w i n k c o u n t e r , a n d f r o m t e n t o t h i r t y t i m e s a s many 
w i t h t h e s t o p w a t c h a s w i t h t h e m a r s t o - c h r o n „ 
T h e r e s u l t s o f a s t u d y b y A b r u z z i l e d h i m t o s o m e w h a t 
d i f f e r e n t c o n c l u s i o n s ( 3 8 ) 
1 . " T h e a c c u r a c y o f a m e a s u r e m e n t m e t h o d d e p e n d s o n 
h o w i t i s u s e d a n d , i n t h e c a s e o f t h e s t o p w a t c h , b y 
w h o m . " 
2 . T h e m a r s t o - c h r o n " y i e l d s e s s e n t i a l l y t h e s a m e 
o r d e r o f a c c u r a c y w i t h a n i n e x p e r i e n c e d o b s e r v e r a s t h e 
s t o p w a t c h d o e s w i t h a n e x p e r i e n c e d o b s e r v e r . " 
3 . " . . . t h e s t o p w a t c h y i e l d s d i f f e r e n t d e g r e e s o f 
a c c u r a c y w i t h d i f f e r e n t o b s e r v e r s . " 
4 . " . . . a l l t h r e e m e a s u r e m e n t m e t h o d s c o n s i d e r e d 
i m p r o v e d i n a c c u r a c y a s t h e s i z e o f t h e s u b d i v i s i o n s 
i n c r e a s e d . " 
5. "...all three methods and both stop watch observers 
had about the same degree of precision, that is, the 
range of variability was about the same." 
Summary.—The accuracy of the different time-measurement 
devices depends upon the limitations of the device itself in 
terms of the smallest unit of time that can be read from 
the scale of the timer and upon the extent to which human 
errors enter into its use. 
In the use of the usual time study stopwatch, the 
smallest unit on the dial is 0.01 minute. For time study 
purposes, the observer must divide his attention between 
several activities — observing, rating, reading the stop­
watch, recording the watch readings and the leveling factor, 
and other activities. Errors appear not to be great when 
fairly long elements are being timed, but for short 
elements, the errors seem to be excessive. Repetitive and 
continuous timing are the most common methods of using the 
stopwatch* Several studies have been made to determine 
the relative accuracy of the two methods. Indications are 
that they are equally precise, but continuous timing appears 
to be more accurate. 
Certain timing devices involve, in general, less 
complex observing and recording difficulties than does the 
stopwatch. Although the smallest unit is 0.001 minute on 
most of the devices, the observer can direct his attention 
to the operation and press buttons, or otherwise activate 
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TJJE D E V I C E , A T T H E A P P R O P R I A T E I N S T A N T W I T H O U T R E M O V I N G H I S 
A T T E N T I O N F R O M T H E O P E R A T I O N . T H E D I F F I C U L T Y O F R E C O R D I N G 
O T H E R D A T A P E R T I N E N T TO T H E T I M E S T U D Y V A R I E S W I T H T H E T Y P E 
O F D E V I C E B E I N G U S E D . 
T H E R E A P P E A R S TO B E A N E E D F O R E V A L U A T I N G T H E S E 
D E V I C E S to determine whether one of them W O U L D , I N F A C T , 
G I V E A M O R E A C C U R A T E S T A N D A R D T H A N T H E O T H E R S . 
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CHAPTER H I 
EXPERIMENTAL DESIGN 
A s s u m p t i o n s a n d P a i a m e t e r s , — T h e l i m i t a t i o n s a n d d e f i c i e n c i e s 
b r o u g h t o u t i n t h e s u r v e y o f w o r k m e a s u r e m e n t l i t e r a t u r e 
i n d i c a t e t h a t t h e r e q u i r e m e n t s o f p r e c i s i o n a n d a c c u r a c y 
h a v e n o t y e t b e e n a c h i e v e d b y e i t h e r s t o p w a t c h t e c h n i q u e s o r 
b y u s e o f t h e p r e d e t e r m i n e d m o t i o n - t i m e s y s t e m s „ F u r t h e r 
i n d i c a t i o n s a r e t h a t o n e o r m o r e o f t h e m e c h a n i c a l o r 
e l e c t r o n i c t i m i n g d e v i c e s may b e c a p a b l e o f a c h i e v i n g 
t h e s e r e q u i r e m e n t s , b o t h f r o m t h e s t a n d p o i n t o f a c c u r a c y 
a n d p r e c i s i o n o f t i m e m e a s u r e m e n t a n d f r o m t h e s t a n d p o i n t 
o f r e c o r d i n g l e v e l i n g f a c t o r s . 
B a s e d o n t h e s e i n d i c a t i o n s a n d u s i n g e s t i m a t e s of t h e 
s t a t i s t i c a l p a r a m e t e r s o f m e a n a n d v a r i a n c e , i t w a s c o n ­
s i d e r e d d e s i r a b l e t o t e s t t h e a v a i l a b l e d e v i c e s f o r r e l a t i v e 
a c c u r a c y a n d p r e c i s i o n . I f t h e r e l a t i v e a c c u r a c y a n d 
p r e c i s i o n o f t h e d i f f e r e n t d e v i c e s c o u l d b e d e t e r m i n e d f r o m 
s t a t i s t i c a l a n a l y s i s , i t c o u l d b e s t a t e d w i t h a s s u r a n c e 
w h i c h o f t h e d e v i c e s w o u l d r e q u i r e t h e m i n i m u m n u m b e r o f 
o b s e r v a t i o n s t o p r o d u c e a n a c c e p t a b l e s t a n d a r d a n d w h i c h 
s h o u l d b e u s e d f o r a g i v e n l e v e l o f t i m e s t u d y d e t a i l . 
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Procedure and Equipment.—In order to test the hypothesis 
that there are significant differences in the results ob­
tained by trained time study observers when using different 
timing devices, it was necessary to devise a procedure which 
would remove the timed variance from the experiment. This 
would leave only the timing variance to be subjected to 
statistical analysis. 
Such a procedure was made possible by use of a 
specially designed piece of equipment shown in Figure 1 to 
simulate a six element operation. This device consists of a 
three RPM synchronous motor mounted on a base plate and with 
a plastic disc (3 inch diameter x 1/4 inch) mounted on the 
shaft. Near the circumference of the disc (on a 2 1/2 inch 
diameter circle), six copper inserts are placed through the 
disc at random intervals. 
Contact points are mounted on the base plate in such 
a manner that they contact each side of the disc at the 
circle inscribed by the rotation of the inserts. Electrical 
circuits are incorporated such that as the disc turns and 
the inserts pass between the contact points, a circuit is 
closed and a light is caused to flash. Six red flashes 
represent the six element end points. A white light flashes 
simultaneously with the red one at the end of each cycle• 
The speed of the disc is constant; therefore, the arc between 
any two inserts determines the time interval between flashes 
of light. 
Figure 1 . Special Device to Generate Element 
End Points. 
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I n o r d e r t o d e t e r m i n e t h e d u r a t i o n o f t h e s i x t i m e 
i n t e r v a l s ( w i t h s u f f i c i e n t a c c u r a c y ) t h i s i n s t r u m e n t w a s 
c h e c k e d b y a c r y s t a l c o n t r o l l e d e l e c t r o n i c d e c a d e c o u n t e r 
w h i c h c o u l d b e a c c u r a t e l y r e a d t o o n e m i l l i o n t h o f a s e c o n d . 
T h i s e l e c t r o n i c t i m e r i s l o c a t e d a t R o b i n s A i r F o r c e B a s e 
a n d i s u s e d t o c h e c k t h e p r e c e s s i o n o f g y r o s u s e d i n a i r c r a f t 
F i r e C o n t r o l a n d B o m b i n g S y s t e m s , T h e f o l l o w i n g d a t a w e r e 
o b t a i n e d b y c h e c k i n g t e n c y c l e s o f t h e s p e c i a l i n s t r u m e n t 
o n t h e A i r F o r c e e l e c t r o n i c t i m e r . T h e d a t a w e r e r e c o r d e d 
i n s e c o n d s . T h e m e a n s a n d s t a n d a r d d e v i a t i o n s w e r e c o m p u t e d 
i n s e c o n d s a n d c o n v e r t e d t o m i n u t e s . 
E l e m e n t x ex 
1 0 . 0 4 6 3 7 9 0 . 0 0 0 1 2 2 
2 0 . 0 8 2 9 5 5 0 . 0 0 0 1 1 2 
3 0 . 0 2 3 7 0 2 0 . 0 0 0 0 7 2 
4 0 . 0 6 0 8 0 9 0 . 0 0 0 0 6 6 
5 0 . 0 6 9 3 8 2 0 . 0 0 0 0 1 8 
6 0 . 0 5 0 1 0 4 0 . 0 0 0 0 8 7 
C y c l e 0 . 3 3 3 3 3 1 0 . 0 0 0 0 8 4 
T h e s e s t a n d a r d d e v i a t i o n v a l u e s a r e e x t r e m e l y s m a l l a n d f o r 
p u r p o s e s o f t h i s s t u d y , t h e x v a l u e s may b e c o n s i d e r e d a s 
x f v a l u e s , t h e t r u e e l e m e n t t i m e s . 
F i v e o f t h e t i m i n g d e v i c e s d e s c r i b e d i n C h a p t e r I I 
w e r e u s e d i n t h i s s t u d y . T h e s e w e r e t h e a u t o - g r a p h i c t i m e r , 
w i r e r e c o r d e r , m a r s t o - c h r o n , e l e c t r o n i c t i m e r , a n d d e c i m a l 
m i n u t e s t o p w a t c h a s s h o w n i n F i g u r e s 2 , 3 , 4 , 5 , a n d 6 , 
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F i v e t i m e s t u d y men w h o a r e c u r r e n t l y d o i n g t i m e s t u d y 
w o r k a t R o b i n s A i r F o r c e B a s e w e r e s e l e c t e d t o a s s i s t w i t h 
t h e e x p e r i m e n t . T h e q u a l i f i c a t i o n s o f t h e s e m e n , t a k e n f r o m 
t h e i r e m p l o y e r * s p e r s o n n e l r e c o r d s a n d s h o w n i n A p p e n d i x T h r e e , 
i n d i c a t e t h a t t h e y h a d v e r y n e a r l y e q u a l t r a i n i n g e x p e r i e n c e 
i n t h e f i e l d o f t i m e s t u d y . 
T h e r e a s o n s f o r t h e e x p e r i m e n t , t o g e t h e r w i t h c o m p l e t e 
i n s t r u c t i o n s a s s h o w n i n A p p e n d i x T h r e e , w e r e r e a d t o t h e 
t i m e s t u d y o b s e r v e r s i n a g r o u p . T h i s w a s d o n e t o r e d u c e 
t h e p r o b a b i l i t y o f a n y m i s u n d e r s t a n d i n g o r m i s c o n c e p t i o n b y 
a n i n d i v i d u a l o b s e r v e r a s t o p r o p e r p r o c e d u r e s . 
E a c h o f t h e o b s e r v e r s t i m e d f o r p r a c t i c e f i f t e e n 
c y c l e s o f t h e " o p e r a t i o n " u s i n g e a c h o f t h e d e v i c e s . T h i s 
w a s d o n e t o a c q u a i n t t h e o b s e r v e r s w i t h t h e c h a r a c t e r i s t i c s 
o f t h e d e v i c e s a n d w i t h t h e e l e m e n t s o f t h e " o p e r a t i o n , " I n 
t h e f o r m a l r u n , t h e o b s e r v e r s a l s o t i m e d f i f t e e n c y c l e s u s i n g 
e a c h d e v i c e . S n a p - b a c k t i m i n g w a s u s e d s i n c e t h e o b s e r v e r s 
w e r e u s i n g t h i s m e t h o d i n t h e i r w o r k . 
T h e o r d e r i n w h i c h e a c h o b s e r v e r u s e d e a c h d e v i c e w a s 
d e t e r m i n e d b y a L a t i n S q u a r e E x p e r i m e n t a l D e s i g n ( 3 9 ) a s 
s h o w n b e l o w . O b s e r v e r A u s e s d e v i c e I f i r s t , V s e c o n d ; 
o b s e r v e r B u s e s d e v i c e I I f i r s t , I s e c o n d ; e t c . T h i s t e n d s 
t o b a l a n c e o u t a n y e f f e c t d u e t o O r d e r a n d a l s o p e r m i t s a n 
e s t i m a t e t o b e m a d e o f t h e m a g n i t u d e o f t h i s e f f e c t . 
O B S E R V E R 
D E V I C E A B C D E 
I 1 2 3 4 5 
I I 5 1 2 3 4 
I I I 4 5 1 2 3 
I V 3 4 5 1 2 
V 2 3 4 5 1 
2 8 
F i g u r e 2 , A u t o - G r a p h i c T i m e r 
Figure 3 . Stopwatch and Time Study Board 

Figure 5. Marsto-Chron 
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Figure 6 . Electronic Timer 
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CHAPTER I V 
A N A L Y S I S OF EXPERIMENT 
I n t r o d u c t i o n * — T h e m a i n v a r i a b l e s c o n s i d e r e d a r e o b s e r v e r s , 
d e v i c e s , a n d o r d e r o f t e s t * U s e o f t h e L a t i n s q u a r e 
e x p e r i m e n t a l d e s i g n a l l o w s a s u b s t a n t i a l r e d u c t i o n i n t h e 
e r r o r v a r i a n c e d u e t o d i f f e r e n c e s b e t w e e n o r d e r a n d b e t w e e n 
o b s e r v e r s o 
I t w a s n e c e s s a r y t o c l a s s i f y t h e v a r i a b l e s a s t o 
f i x e d o r r a n d o m e f f e c t * R a n d o m v a r i a b l e s a r e t h o s e " w h o s e 
p a r a m e t e r s I n v o l v e d a r e v a r i a n c e s a n d t h e i r a b s o l u t e a n d 
r e l a t i v e m a g n i t u d e s a r e o f p r i m a r y i m p o r t a n c e 1 1 ( 4 0 ) , F i x e d 
v a r i a b l e s a r e t h o s e " w h o s e p a r a m e t e r s i n v o l v e d a r e m e a n s 
a n d t h e I s s u e s o f i n t e r e s t a r e c o n c e r n e d * . * w i t h t h e 
d i f f e r e n c e s b e t w e e n p a i r s o f t h e m " ( 4 0 ) * D e v i c e s a n d o r d e r 
o f t e s t w e r e t r e a t e d a s f i x e d v a r i a b l e s ; a n d , t h e r e f o r e , 
w e r e e a c h f i x e d e f f e c t s * T h e o b s e r v e r s w e r e n o t c h o s e n a t 
r a n d o m f r o m t h e p o p u l a t i o n o f t i m e s t u d y o b s e r v e r s , b u t 
r a t h e r w e r e s e l e c t e d f r o m o n e p l a n t a n d w e r e t i m i n g t h e s a m e 
t y p e o f o p e r a t i o n s * A l s o , t h e r e c o r d s i n d i c a t e t h e i r 
e x p e r i e n c e t o b e e q u a l ; t h e r e f o r e , t h e y ; , t o o , w e r e c o n ­
s i d e r e d a s a f i x e d v a r i a b l e w i t h f i x e d e f f e c t . T h i s 
c l a s s i f i c a t i o n o f v a r i a b l e s d o e s n o t p e r m i t i n f e r e n c e s 
3 4 
A B O U T T H E W H O L E P O P U L A T I O N O F D E V I C E S OR O B S E R V E R S . O N L Y 
D I F F E R E N C E S B E T W E E N D E V I C E S OR B E T W E E N O B S E R V E R S S T U D I E D C A N 
B E R E L A T E D . 
T H E M A T H E M A T I C A L M O D E L TO D E S C R I B E T H I S E X P E R I M E N T I S : 
X I J ( K ) = f- * * I + D I + ° K + 
T A K E N F R O M T H E T A B L E B E L O W . T H I S S T A T E S T H A T T H E V A L U E O F 
A N Y O B S E R V A T I O N I S E Q U A L TO A C O N S T A N T P L U S V A R I A T I O N S D U E TO 
T H E O B S E R V E R S , T H E D E V I C E S , T H E O R D E R O F T E S T , A N D T H E 
E R R O R S O F T H E E X P E R I M E N T . 
V A R I A N C E 
A B B R E V ­
I A T I O N 
S U B ­
S C R I P T 
S Y M B O L N U M B E R 
O F L E V E L S 
O B S E R V E R S M I M I 5 
D E V I C E S D J D J 5 
O R D E R 0 K ° K 5 
M E A S U R E S O F O B J E C T I V E S . — T H E O B J E C T I V E O F T H I S S T U D Y WAS TO 
D E T E R M I N E T H E R E L A T I V E A C C U R A C Y A N D P R E C I S I O N O F D I F F E R E N T 
T I M I N G D E V I C E S I N T H E H A N D S O F T R A I N E D T I M E S T U D Y 
O B S E R V E R S . A S S T A T E D I N C H A P T E R I , GOOD T I M E S T U D Y R E S U L T S 
R E Q U I R E T H A T T H E O B S E R V E R ( A N D D E V I C E ) H A V E B O T H A C C U R A C Y 
A N D P R E C I S I O N . A N O B S E R V E R M A Y G E T A C C U R A C Y I N T H E L O N G 
R U N A V E R A G E , B U T W I T H a S M A L L S A M P L E H I S M E A N V A L U E M A Y B E 
D I S T O R T E D B Y a W I D E R A N G E O F R E A D I N G S O R B Y R E A D I N G S W I T H 
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d e v i a t i o n s p r e d o m i n a t e l y i n o n e d i r e c t i o n * P o o r p r e c i s i o n 
i s i n d i c a t e d b y a l a r g e s t a n d a r d d e v i a t i o n * 
T h i s p r o b l e m w a s r e s o l v e d b y e s t a b l i s h i n g t h a t b o t h t h e 
a c c u r a c y , m e a s u r e d b y t h e m e a n , a n d t h e p r e c i s i o n , m e a s u r e d b y 
t h e s t a n d a r d d e v i a t i o n , w o u l d b e a n a l y z e d s e p a r a t e l y . B y 
a n a l y s i s o f v a r i a n c e t e c h n i q u e s ( 4 1 ) , t h e s e a n a l y s e s w e r e 
p e r f o r m e d f o r e a c h o f t h e s i x e l e m e n t s o f t h e d a t a . 
F u r t h e r a n a l y s e s b e t w e e n d e v i c e s w e r e m a d e b a s e d o n s i n g l e 
d e g r e e o f f r e e d o m c o m p a r i s o n s ( 4 2 ) » 
T h e r e a l m e a s u r e o f a c c u r a c y i s t h e e r r o r f r o m t h e 
t r u e m e a n r a t h e r t h a n t h e o b s e r v e d e l e m e n t a l m e a n v a l u e s . 
H o w e v e r , a s h i f t i n l e v e l b y a p p l y i n g a c o n s t a n t t o e a c h 
n u m b e r i n a s e t o f d a t a i n n o w a y a f f e c t s t h e r e l a t i v e 
v a r i a b i l i t y o f t h a t d a t a . T h e r e f o r e , i n t h i s s t u d y t h e 
x ' s o f t h e e l e m e n t s w e r e u s e d f o r a n a l y s i s o f r e l a t i v e 
a c c u r a c y * 
T h e m e a s u r e o f p r e c i s i o n u s e d ( t h e s t a n d a r d d e v i a t i o n , 
d e n o t e d b y t h e G r e e k l e t t e r s i g m a ) i s t h e s q u a r e r o o t o f t h e 
v a r i a n c e * T h e t o t a l v a r i a n c e e q u a l s t h e sum o f t h e c o m p o n e n t 
v a r i a n c e s i f t h e f a c t o r s p r o d u c i n g v a r i a n c e a r e a c t i n g 
i n d e p e n d e n t l y . I n n o r m a l t i m e s t u d y w o r k t h e t o t a l v a r i a n c e 
o f e l e m e n t m e a n s w o u l d b e g i v e n b y t h e e x p r e s s i o n s 
2 2 _ 2 
^ T o t a l " ^ T i m i n g + ° T i m e d 
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2 
where: n = number of observations 
x^ r value of individual observations 
x ~ arithmetic mean of 's 
Data Reduction c-~Raw data which were posted by the observers 
on the time study observation sheets, marsto-chron tapes, 
wire recorder wire, electronic timer tapes, and auto= 
graphic timer graphs were interpreted by methods described 
in Chapter II for the particular device and tabulated into 
usable form for statistical analysis„ The original data 
tables were coded to ease the burden of calculation. From 
the tabulated data the statistics x and Cx were computed by 
element for each observer - device combination. Appendix One 
contains samples of the original data, the tabulated data, and 
the element means and standard deviations 0 
The c r ^ i m e d is not significant for this simulated operation ? 
and the expression may be written as t 
® Total * ^Timing ~ Device + Observer 
2 
where timing i s r e d u c e d t o components 0 The element 
variances attributable to the total may be computed from the 
experimental data through use of the expression (43): 
n o 
Total : — 
n - 1 
3 7 
O N E O F T H E B A S I C A S S U M P T I O N S U N D E R L Y I N G T H E A N A L Y S I S 
O F V A R I A N C E T E C H N I Q U E I S T H A T T H E E X P E R I M E N T A L E R R O R S I N 
T H E I N D I V I D U A L C E L L O B S E R V A T I O N S A R E N O R M A L L Y D I S T R I B U T E D 0 
N O R M A L I T Y I S E S S E N T I A L I N O R D E R TO M A K E V A L I D U S E O F T H E 
F I S H E R V A R I A N C E R A T I O T E S T ( 4 0 ) . I F T H E Y A R E N O T S O D I S ­
T R I B U T E D , A T R A N S F O R M A T I O N O F T H E D A T A C A N B E M A D E W H I C H 
W I L L D E V E L O P T H E C O N D I T I O N O F N O R M A L I T Y 0 
T H I S C O N D I T I O N O F N O R M A L I T Y I S I N H E R E N T I N T H E D A T A 
W H I C H WAS A N A L Y Z E D F O R A C C U R A C Y 0 T H E S E D A T A A R E X V A L U E S 
A N D M E A N S A R E N O R M A L L Y D I S T R I B U T E D E V E N T H O U G H T H E X I ' S 
M A K I N G U P T H E X ' S M A Y N O T B E , F O R S A M P L E S A S L A R G E A S T H O S E 
U S E D I N T H I S E X P E R I M E N T * A N A N A L Y S I S O F V A R I A N C E T W O - W A Y 
O B S E R V E R - D E V I C E T A B L E F O R E L E M E N T O N E I S SHOWN I N T A B L E 1 * 
I N S P E C T I O N O F T H E C R 5 S O F O B S E R V A T I O N S A S S E E N I N 
T A B L E 1 5 I N D I C A T E S T H E P O S S I B I L I T Y O F A N I N T E R A C T I O N 
B E T W E E N O B S E R V E R S A N D T H E S T O P W A T C H ; W H E N T H E R E I S O N L Y 
O N E O B S E R V A T I O N F O R E A C H F A C T O R C O M B I N A T I O N ; , T H E V A R I A N C E O F 
E X P E R I M E N T A L E R R O R C A N N O T B E S E P A R A T E D F R O M T H A T O F A N Y 
I N T E R A C T I O N T H A T M A Y E X I S T . A L S O S D U E TO T H E W I D E R A N G E A N D 
T H E P R E P O N D E R A N C E O F Z E R O S T O P W A T C H (Tn"s5 I T I S O B V I O U S T H A T 
T H E V A R I A B I L I T Y O F T H E S T O P W A T C H I S G R E A T E R T H A N T H A T O F T H E 
O T H E R D E V I C E S . T H E R E F O R E , T H E S T O P W A T C H : ~ " S W E R E N O T 
U S E D I N T H E A N A L Y S I S O F V A R I A N C E F O R D E V I C E , . ' R ' S . S I N C E 
V A R I A N C E S A R E N O T N O R M A L L Y D I S T R I B U T E D ^ T H E P R E C I S I O N D A T A 
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i n t h i s s t u d y w e r e l o g a r i t h m i c l y t r a n s f o r m e d a s r e c o m m e n d e d 
b y B a r t i e t t ( 4 4 ) a n d s h o w n i n T a b l e 2 . 
R e s u l t s . — T h i s s e c t i o n p r e s e n t s t h e r e s u l t s o f s i g n i f i c a n c e 
t e s t s o f t h e a n a l y s i s o f v a r i a n c e . T h e o b s e r v e r a n d o r d e r 
o f t e s t e f f e c t s s h o w e d n o n - s i g n i f i c a n c e f o r b o t h x f s a n d <2" fs 
f o r a l l s i x e l e m e n t s i n t h e b a s i c a n a l y s i s o f v a r i a n c e m e a n 
s q u a r e t a b l e s g i v e n i n A p p e n d i x T w o . T h e s e t a b l e s d o , 
h o w e v e r , i n d i c a t e t h a t t h e d e v i c e e f f e c t f o r x v s i s h i g h l y 
s i g n i f i c a n t f o r a l l e l e m e n t s , w h i l e t h e d e v i c e e f f e c t f o r 
C *s s h o w e d s i g n i f i c a n c e i n o n l y e l e m e n t s o n e , t w o , a n d f o u r . 
C o m p a r i s o n o f d e v i c e s w a s n e c e s s a r y t o d e t e r m i n e 
t h e r e l a t i v e a c c u r a c y a n d p r e c i s i o n o f t h e d e v i c e s . C h o i c e 
o f t h e d i v i s i o n o f d e v i c e s f o r s i n g l e d e g r e e o f f r e e d o m 
c o m p a r i s o n w a s b a s e d o n a n e n g i n e e r i n g e v a l u a t i o n o f t h e 
p r o b a b l e c a p a b i l i t i e s o f t h e d i f f e r e n t d e v i c e s . T h e s i n g l e 
d e g r e e o f f r e e d o m c o m p a r i s o n s o f d e v i c e x ! s a r e s h o w n i n 
T a b l e s 3 a n d 4 . A s e x p e c t e d , t h e d i f f e r e n c e b e t w e e n t h e 
s t o p w a t c h a n d a l l o t h e r d e v i c e s i s h i g h l y s i g n i f i c a n t f o r 
a l l s i x e l e m e n t s . S i g n i f i c a n c e a l s o i s i n d i c a t e d b e t w e e n t h e 
m a r s t o - c h r o n a n d t h e a u t o - g r a p h i c t i m e r f o r e l e m e n t o n e 
a n d i s v e r y c l o s e t o t h e 5% l e v e l f o r e l e m e n t s i x . T h e 
s i n g l e d e g r e e o f f r e e d o m c o m p a r i s o n s o f d e v i c e C ' s a r e 
s h o w n i n T a b l e s 5 a n d 6 . D i f f e r e n c e s b e t w e e n t h e m a r s t o - c h r o n 
a n d t h e a u t o - g r a p h i c t i m e r a r e s i g n i f i c a n t f o r e l e m e n t s o n e , 
a n d f o u r , o f q u e s t i o n a b l e s i g n i f i c a n c e f o r e l e m e n t t w o , a n d 
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T A B L E 1 
A N A L Y S I S O F V A R I A N C E 
T W O - W A Y T A B L E 
( E L E M E N T 1 M E A N ) 
W I T H SURAS O F S Q U A R E C A L C U L A T I O N S 
T R A N S F O R M A T I O N » X ( 1 0 ) 
V M I A B C D E 
^ A 
I 4 . 7 5 A 4 8 6 5 B 4 , 7 0 C 4 E 7 0 D 4 , 6 9 E 2 3 0 4 9 J 
I I 4 „ 0 0 E 4 . 3 3 A 4 0 0 0 B 4 O 0 0 C 4 0 0 6 D 2 0 O 3 9 L : [ 
I I I 4 „ 6 3 D 4 , 6 1 E 4 . 6 1 A 4 . 6 6 B 4 A 6 9 C 2 3 E 2 0 M 
I V 4 . 5 2 
C 
4 . 6 9 D 4 0 1 5 
E 
4 C 6 3 
A 
4 , 2 9 B 2 2 . 2 8 
V 4 0 6 4 B 4 , 6 9 C 4 B 6 4 D 4 0 7 8 E 4 O 7 0 A 2 3 0 4 5 Y 
Zl 2 2 A 5 4 A 2 2 . 9 7 B 2 2 O 1 0 C 2 2 . 7 0 D 2 2 0 4 3 E 1 1 2 . 8 1 zt 2 3 , 0 2 A 2 2 , 2 4 B 2 2 O 6 0 C 2 2 C 7 2 D 2 2 Q 2 3 E V V E ^SV 
D E V I C E L- O F S Q U A R E S 
B ( 1 ) - ( 5 ) « 1 . 3 7 1 
O B S E R V E R £ O F S Q U A R E S 
* ( 2 ) - ( 5 ) = 0 . 0 8 8 
O R D E R 2; O F S Q U A R E S 
S ( 3 ) - ( 5 ) « 0 , 0 9 0 
T O T A L I) O F S Q U A R E S 
- ( 4 ) - ( 5 ) S 1 . 6 8 6 
R E S I D U A L 5" O F S Q U A R E S 
m ( 4 ) - ( 5 ) - ( 1 ) - ( 2 ) - ( 3 ) 
m 0 . 1 3 7 
( i ) 
2 
( 2 ) _ ^ > 2 
O) ^ I L 2 
5 
( 4 ) X ( X i j ) 2 
( 5 ) 
- 5 1 0 . 4 1 5 
= 5 0 9 . 1 3 2 
= 5 0 9 . 1 3 4 
= 5 1 0 . 7 3 0 
= 5 0 9 . 0 4 4 
2 5 
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T a b l e 2 
A n a l y s i s o f V a r i a n c e 
T w o - W a y T a b l e 
( E l e m e n t 1 s s ) 
W i t h Sums o f S q u a r e C a l c u l a t i o n s 
T r a n s f o r m a t i o n ffl I n ( c 7 ' x 1 0 6 ) 
A B C D E ^ A 
I 6 „ 9 6 a 6 . 8 9 b 7 . 1 4 c 7 . 1 3 d 6 , 7 8 e 3 4 0 9 0 j 
I I I 7 . 6 4 d 7 . 4 2 e 6 , 6 6 a 7 , 4 3 b 7 4 2 0 c 3 6 , 3 5 m 
IV 8 « 7 0 c 6 « 7 7 d 8 „ 8 6 e 7 * 4 1 a 8 . 6 4 b 4 0 . 3 8 I V 
V 7 a 1 2 b 6 . 9 6 c 6 . 8 9 d 7 . 5 5 e 7 a 1 8 a 3 5 e 7 0 y 
3 0 . 4 2 A 2 8 . 0 4 B 2 9 . 5 5 c 2 9 , 5 2 D 2 9 , 8 0 E 1 4 7 . 3 3 
( 1 ) 
( 2 ) 
( 3 ) 
( 4 ) 
5 
^ ( X i j ) 
^ E r s V . 2 
2 5 ~ 
2 _ 
1 0 8 8 . 8 7 3 
1 0 8 6 . 0 7 3 
1 0 4 3 . 2 6 8 
1 0 8 5 . 3 0 6 
D e v i c e o f S q u a r e s 
= ( 1 ) - ( 4 ) a 3 0 5 6 7 
O b s e r v e r o f S q u a r e s 
= ( 2 ) - ( 4 ) = 0 . 7 6 7 
T o t a l S o f S q u a r e s 
= ( 3 ) - ( 4 ) = 7 . 9 6 2 
R e s i d u a l o f S q u a r e s 
= ( 3 ) - ( 4 ) - ( 1 ) ~ ( 2 ) 
= 3 . 6 2 8 
T A B L E 3 
S I G N I F I C A N C E O F D E V I C E 
M E A N S 
S O U R C E I P 
E L E M E N T 1 E L E M E N T 2 1 E L E M E N T 3 J E L E M E N T 4 E L E M E N T 5 E L E M E N T 6 
F L i 2 0 S I G . L E V E L TT S I G . ; * - I ; 2 0 I L E V E I I » 2 0 I L E V E L ' TJ> i S i g . * 1 > 2 0 L E V E L F L , 2 0 * S I G . L E V E L F L , 2 0 S I G . L E V E L 
S T O P W A T C H 
V S • 1 
A L L O T H E R S 
7 2 , 0 6 8 . 8 J *** 4 4 , 5 * * * 
J 
5 4 . 7 J *** 3 3 . 2 *** 4 2 . 3 *** 
A U T O - G R A P H I C 
V S . | 1 
M A R S T O - C H R O N J 
9 . 5 8 ** 
i 
J 
4 . 1 6 
E L E C T R O N I C 
V S . , 
O T H E R S ( L E S S 
W A T C H ) 
I 
2 . 0 7 
I 
2 . 1 4 
J 
1 , 0 0 1 . 8 8 
R E M A I N D E R B E - \ 
T W E E N D E V I C E S 
! 
J I ! 
I J 
, . . . . . . i. 
R E S I D U A L 2 0 
F L , 2 0 , 0 . 0 5 
F L , 2 0 , 0 . 0 1 
F L , 2 0 , 0 . 0 0 5 
F L , 2 0 0 , 0 0 1 
= 4 , 3 5 * Q U E S T I O N A B L E S I G N I F I C A N C E ( B E T W E E N 5% & 1% L E V E L ) 
= 8 , 1 0 * * S I G N I F I C A N T ( A B O V E 1% L E V E L ) 
Z 9 * 9 4 * * * H I G H L Y S I G N I F I C A N T ( A B O V E 0 . 1 % L E V E L ) 
= 1 4 . 8 0 F R A T I O NOT I N D I C A T E D I F L E S S T H A N 1 . 0 
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Table 4 
Sample Calculations for Device Means 
Single Degree of Freedom Comparisons 
(Element 1 x's) 
Devices Total Device 
t of S q s o 
Comparisons d.f. 
I. Auto-Graphic 1.361 II vs. I,111,1V,V RH 
II. Stopwatch IV vs. I 1 
III. Wire Recorder V vs. I,III,IV 1 
IV. Marsto-Chron Remainder 1 
V. Electronic Between Devices 
General Formula for ISC of Sqs. = 
£l<aiTi> 2 
" ^v5 2 
n L a. 


































20 Xa±- 2 jg(ail) -i. 21 £ a i « 1 2 & a ^ =1.38 
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Table 4 (Continued) 
Sample Calculations for Device Means 
Single Degree of Freedom Comparisons 
(Element 1 x's) 










1.1793 for Stopwatch vs. all others 
0.1464 for Auto-Graphic vs. Marsto-Chron 
0.0317 for Electronic vs. Others 
(Less Watch) 
= Total - (1) - (2) - (3) « 0.0036 for Remainder 
Source d.f. Mean Sq. F Sig. Level 
2 vs. 1,3,4,5 1 1.1793 72.0 < 0.001 
1 vs. 4 1 0.1464 9.58 < 0„01 
5 vs. 1,3,4 1 0.0317 2.07 > o a 
Remainder 1 0.0036 C3D QO 
Residual 20 0.0153 
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have F ratios in the o t h e r elements high enough t o be suspect 
w h e n related to the three instances o f significance. 
T h e bias of the devices i s summarized i n T a b l e 7 
a n d t h e d e v i c e standard deviations, or measures o f precision, 
are shown in Table 8. These tables indicate that the 
marsto-chron is less accurate and less precise than all the 
devices except the stopwatch. Table 7 indicates that the 
stopwatch means were consistently lower than the true means. 
This was to be expected since previous studied by Llewellyn (4), 
Lazarus (5), and Abruzzi (6) have indicated that the snap-back 
method produces consistently low readings, This table 
also indicates that the marsto-chron bias was a large plus 
value for element six and a large minus value for element 
one. This indicates that the end point for element six was 
being posted late. A possible explanation for this is that 
at the end of each cycle the operator was required to press 
both keys on the marsto-chron rather than one as on all 
other elements. Apparently this disrupted the observer's 
rhythm and/or concentration enough to make the mean data 
significant for these elements and also to produce a high 
degree of variability in the data as shown in Table 8 for 
elements one and six. 
Further analysis of Tables 7 and 8 shows that the 
variability in element four is slightly but consistently 
high for all devices while the bias for element four is a 
T a b l e 5 
S i g n i f i c a n c e o f D e v i c e 
S t a n d a r d D e v i a t i o n 
o E l e m e n t 1 E l e m e n t 2 E l e m e n t 3 E l e m e n t 4 E l e m e n t 5 E l e m e n t 6 
S o u r c e 
F 
S i g . 
F 
S i g . 
F 
S i g . F [ S i g . F I S i g . F S i g . 
• L e v e l L e v e l L e v e l 
J L e v e l 1 L e v e l I L e v e l 
V v s I,III,N ' 1 1 . 2 4 
• 
2 . 1 3 
i 
•
IV v s I 1 1 0 . 9 2 ** 5 . 2 2 * 4 . 2 0 | 8 , 6 4 * * 1 . 7 1 ] 2 . 7 6 
III v s I,IV 1 
L — - — • — 
! 
1 . 3 7 | 1 . 0 4 i 
i 
! i 
2 . 6 2 ! 
i i 
i : 
R e s i d u a l 1 6 
D e v i c e s 
I - A u t o - G r a p h i c T i m e r 
III - W i r e R e c o r d e r 
IV - M a r s t o - C h r o n 
V - E l e c t r o n i c T i m e r 
* Q u e s t i o n a b l e S i g n i f i c a n c e ( b e t w e e n 5 % a n d 
1 % l e v e l ) 
* * S i g n i f i c a n t ( a b o v e 1 % ) 
F R a t i o n o t i n d i c a t e d i f l e s s t h a n 1 # 0 
F 0 0 5 ( l , 1 6 ) = 4 , 4 9 
F 0 0 1 ( 1 , 1 6 ) - 8 . 5 3 
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Table 6 
Sample Calculations for Device Standard Deviations 
Single Degree of Freedom Comparisons 
(Element 1 <r's) 
Total Device .£ of sqs. " 3.567 
Device ai T i - f t * a i T i a i a i T i a i a i T i 
I +1 34.90 +34.90 +1 +34.90 -1 -34.90 
III + 1 36.35 +36.35 +2 +72.70 
IV +1 40.38 +40.38 -1 -40.38 -1 -40.38 
V -3 35,70 -107.10 
^ a i ~ 12 S(a i^)=4.53p a i=2 $( a i^)-5.48 £( a iTp=2.58 
(1) t sqs. = V|(12) - 0.342 for V vs. I, III, IV 
(2} - = 3.003 for IV vs. I K Z ) 5(2) 
( 3 ) = (2.58) 2 = 0.222 for III vs, I, IV 
Total = 3.567 
Source d.f. Mean Sq. F Sig, Level 
V vs, I,III,IV 1 0.342 1,24 >0.1 
IV vs. I 1 3.003 10.92 < 0.01 
III vs. I, IV 1 0.222 — 
Residual 16 0.275 
4 7 
T a b l e 7 
D i f f e r e n c e s i n M e a s u r e d T i m e a n d T r u e T i m e 
( H u n d r e d t h s o f a M i n u t e ) 
D e v i c e x < 
3 - x ' f o r E l e m e n t s 
1 2 3 4 5 6 
A u t o ­
g r a p h i c 
+ 0 , 0 6 0 - 0 . 1 3 7 + 0 . 0 1 2 - 0 . 1 8 5 - 0 . 1 4 6 - 0 . 0 0 8 
S t o p W a t c h - 0 . 5 6 0 - 0 , 6 8 3 - 0 . 3 1 8 - 0 . 8 2 9 = 0 . 7 1 4 - 0 . 2 9 2 
W i r e 
R e c o r d e r 
+ 0 . 0 0 2 - 0 . 1 5 9 + 0 . 0 0 8 - 0 . 2 0 5 - 0 . 1 9 0 + 0 , 0 3 8 
M a r s t o -
C h r o n - 0 . 1 8 2 
- 0 . 1 4 1 + 0 . 0 5 4 - 0 . 1 3 7 - 0 . 1 3 4 + 0 . 1 3 8 
E l e c t r o n i c + 0 , 0 5 2 - 0 . 0 4 3 + 0 . 0 0 4 - 0 . 1 0 1 - 0 . 0 5 2 + 0 . 1 3 6 
T r u e x 4 . 6 3 8 8 . 2 9 6 2 . 3 7 0 6 , 0 8 1 6 . 9 3 8 5 . 0 1 0 
^ E 
— **A . T? 
x , = —5— , w h e r e £,"7 a r e g i v e n i n T a b l e s 2 a n d 2 2 - 2 6 
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Table 8 
S t a n d a r d D e v i a t i o n s * o f O b s e r v a t i o n s 
b y D e v i c e a n d E l e m e n t 
( T h o u s a n d t h s o f a M i n u t e ) 
D e v i c e 
E l e m e n t s 
A u t o ­
g r a p h i c 
S t o p W a t c h 
W i r e 
R e c o r d e r 
M a r s t o - c h r o n 
E l e c t r o n i c 
1 . 0 
3 . 9 
1 . 4 
5 . 0 
1 . 3 
1 . 5 
5 . 5 
1 . 2 
2 . 3 
1 . 2 
1 . 3 
4 . 6 
1 . 4 
2 . 1 
l e 5 
1 . 5 
4 . 5 
1 . 7 
2 . 6 
1 . 6 
1 . 1 
3 . 0 
1 . 4 
3 . 5 
1 . 2 
1 . 1 
4 . 7 
0 . 8 
5 . 2 
1 . 0 
* T h e s e s t a n d a r d d e v i a t i o n s w e r e o b t a i n e d b y p o o l i n g t h e 
v a r i a n c e s o f t h e f i v e o p e r a t o r s f o r e a c h c o m b i n a t i o n 
o f d e v i c e a n d e l e m e n t . T h u s , e a c h s t a n d a r d d e v i a t i o n 
i s b a s e d o n 5 ( 1 5 - 1 ) a 7 0 d e g r e e s o f f r e e d o m . 
9 5 % c o n f i d e n c e i n t e r v a l o f c T v f o r 7 0 d e g r e e s o f f r e e d o m 
U p p e r L i m i t = 0~X ^ / F Q ^ g , c o ) ~ <TX { U 3 7 = l . l S c ^ 
= CT {o771 = 0 . 8 5 L 7 ~ 
L o w e r L i m i t = cr 
*o.tf&'70> 
F o r e x a m p l e : On e l e m e n t o n e , u s i n g t h e a u t o - g r a p h i c t i m e r , 
t h e p r o b a b i l i t y i s 0 . 9 5 t h a t t h e i n t e r v a l 0 . 8 5 x 1 . 0 t o 
1 . 1 8 x 1 . 0 ( 0 . 8 5 t o 1 . 1 8 ) c o n t a i n s t h e t r u e & x o f t h i s 
d e v i c e f o r e l e m e n t o n e . 
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consistently large minus value for all devices. Apparently 
an extremely short element (0,0237 min*) introduces these 
inconsistencies into the data for an element which succeeds 
it* This indication was also prevalent in a study made by 
Magar (14). 
Based on the significance tests and the analysis of 
the differences between device means and device standard 
deviations, the hypothesis that there are real differences 
between the accuracy and precision of timing devices is 
accepted. Further indications are that the auto-graphic 
timer, the wire recorder, and the electronic timer exhibit 
no significant differences in results. 
Qualitative Analysis«—While leveling was not considered 
an integral part of this study, leveling is an integral part 
of actual time study work. Therefore, any device used for 
time study purposes must allow adequate and easy means of 
recording the leveling factor. As was pointed out in 
Chapter II, stopwatch time study techniques allow ratings to 
be recorded; but this becomes extremely difficult when 
timing short elements of work. The marsto-chron has no 
means of recording a leveling factor. The auto-graphic 
timer, the wire recorder, and the electronic timer all offer 
adequate means of recording leveling factors even for a 
long series of short elements. 
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Further analysis was made regarding the relationship 
of time measurement and the recording of ratings. This was 
based on quantative reasoning as follows. The coefficient 
of variation, expressed as a percentage, for any device is 
given by the equation: 
^d CV, = =—(100%) d x d 
If this is equated to a coefficient of variation for rating 
ability, the minimum x^ can be determined for any given 
device which will give the equivalent accuracy of rating 
ability. 
A thorough analysis of rating techniques and accuracy 
is beyond the scope of this study. It is generally accepted 
by time study men that ratings can be made within ± 10% of 
the correct value. It seems reasonable, therefore, to expect 
a coefficient of variation for rating to be approximately 5%. 
This was assumed and comparison of the devices as shown in 
Figure 7 was made* 
Figure 7 indicates that the minimum elemental time 
that should be timed with the stopwatch to equal a 5% rating 
coefficient of variation is 0.088 minute. The marsto-chron 
could be used to time elements of 0.073 minute while the 
electronic timer will give accuracy equivalent to that of 
rating when timing elements of only 0*026 minute duration. 
C o m p a r i s o n o f D e v i c e C o e f f i c i e n t s o f V a r i a t i o n 
w i t h R a t i n g C o e f f i c i e n t o f V a r i a t i o n 
CV - , 
D e v i c e —zrr ( 1 0 0 % ) 
x d 
L e t C V R a t i n g = 5 % 
Stopwatch - 0 . 0 0 4 3 9 ; if CV s 5% 
s w 
0 . 4 3 9 
T h e n : x - 5 — ' m 0 . 0 8 8 min, sw 0 
ârsto-chron = 0 . 0 0 3 6 6 ; if CV _ . - 5% 
marsto 
_ 0 . 3 6 6 n 
T h e n : Wsto 35 — 5 ~ = ° « 0 7 3 rain' 
êlectronic = 0 . 0 0 1 3 1 ; i f CV , = 5% 
e l e c t 
T h e n : x = 0 ,g 3 1 = 0 . 0 2 6 min. elect ° 
F i g u r e 7 . C o m p a r i s o n o f D e v i c e C o e f f i c i e n t s 
o f V a r i a t i o n w i t h R a t i n g 
C o e f f i c i e n t o f V a r i a t i o n 
5 2 
C H A P T E R V 
C O N C L U S I O N S 
R e s u l t s o f t h e s i g n i f i c a n c e t e s t s a n d a n a l y s i s o f t h e 
r e l a t i v e d i f f e r e n c e s b e t w e e n d e v i c e m e a n s a n d s t a n d a r d 
d e v i a t i o n s l e a d t o t h e f o l l o w i n g c o n c l u s i o n s : 
1 . W e l l q u a l i f i e d t i m e s t u d y o b s e r v e r s w i t h e q u i v a l e n t 
t r a i n i n g a n d e x p e r i e n c e w h e n u s i n g t h e s a m e d e v i c e 
w i l l g i v e s t a t i s t i c a l l y e q u i v a l e n t r e s u l t s , 
2 * O f a l l t h e d e v i c e s u s e d i n t h i s e x p e r i m e n t , t h e 
s t o p w a t c h p r o d u c e s t h e l e a s t a c c u r a t e a n d l e a s t 
p r e c i s e r e s u l t s ; h o w e v e r , t h e r e i s s o m e i n d i c a t i o n 
t h a t w e l l q u a l i f i e d t i m e s t u d y o b s e r v e r s m a y h a v e a 
s m a l l e r s t a n d a r d d e v i a t i o n f o r w a t c h r e a d i n g s t h a n 
w a s r e p o r t e d b y L a z a r u s ( 5 ) , M a g a r ( 1 4 ) , a n d 
L e n g ( 3 7 ) « E x c l u d i n g t h e z e r o d e v i a t i o n s , t h e 
s t a n d a r d d e v i a t i o n s f o r t h e s t o p w a t c h r e a d i n g s i n 
t h i s e x p e r i m e n t r a n g e d f r o m 0 , 0 0 2 5 8 t o 0 , 0 0 6 7 6 
m i n u t e a n d a v e r a g e d 0 . 0 0 4 3 9 m i n u t e , 
3 , T h e m a r s t o - c h r o n g i v e s a s o m e w h a t h i g h e r d e g r e e o f 
a c c u r a c y a n d p r e c i s i o n t h a n t h e s t o p w a t c h w h e n 
t i m i n g s h o r t e l e m e n t s ( 0 , 0 2 t o 0 , 0 8 m i n u t e ) e v e n 
w i t h w e l l q u a l i f i e d t i m e s t u d y o b s e r v e r s u s i n g t h e 
5 3 
S T O P W A T C H * S T A N D A R D D E V I A T I O N S F O R T H E M A R S T O -
C H R O N I N T H I S E X P E R I M E N T R A N G E D F R O M 0 * 0 0 0 6 4 TO 
0 * 0 1 1 3 5 M I N U T E A N D A V E R A G E D 0 * 0 0 3 6 6 M I N U T E . 
4 * T H E A U T O - G R A P H I C T I M E R , T H E W I R E R E C O R D E R , A N D T H E 
E L E C T R O N I C T I M E R G I V E S T A T I S T I C A L L Y E Q U I V A L E N T 
R E S U L T S W I T H R E S P E C T TO B O T H A C C U R A C Y A N D P R E C I S I O N * 
T H E S T A N D A R D D E V I A T I O N S F O R T H E S E D E V I C E S A R E 
R E S P E C T I V E L Y 0 . 0 0 1 2 4 , 0 . 0 0 1 3 5 , A N D 0 . 0 0 1 3 1 M I N U T E , 
W I T H 9 5 % C O N F I D E N C E L I M I T S O F K ) . 0 0 0 5 8 M I N U T E A N D 
- 0 . 0 0 0 3 2 M I N U T E . 
5 . F O R E L E M E N T S O F T H E R A N G E U S E D I N T H I S E X P E R I M E N T , 
T H E R E I S N O S I G N I F I C A N T I M P R O V E M E N T I N D E V I C E 
A C C U R A C Y O R D E V I C E P R E C I S I O N W I T H A N I N C R E A S E I N 
E L E M E N T D U R A T I O N . 
6 . T H E S T O P W A T C H A N D T H E M A R S T O - C H R O N A R E I N A D E Q U A T E 
F O R T I M I N G A N D R A T I N G E L E M E N T S S H O R T E R T H A N 0 . 0 9 
M I N U T E A N D 0 . 0 7 M I N U T E R E S P E C T I V E L Y , E S P E C I A L L Y 
WHEN T H E S E O C C U R I N S E Q U E N C E , W H I L E T H E A U T O ­
G R A P H I C T I M E R , T H E W I R E R E C O R D E R , A N D T H E E L E C T R O N I C 
T I M E R G I V E A C C E P T A B L E A C C U R A C Y A N D P R E C I S I O N F O R 
E L E M E N T S A S S H O R T A S 0 . 0 3 M I N U T E D U R A T I O N A N D A L S O 
H A V E A D E Q U A T E P R O V I S I O N F O R T H E O B S E R V E R TO R E C O R D 
H I S R A T I N G . 
L I M I T A T I O N S * — C O N S I D E R A T I O N S H O U L D B E G I V E N C E R T A I N F A C T O R S 
C O N T R I B U T I N G TO T H E R E S U L T S O B T A I N E D I N T H I S E X P E R I M E N T . 
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T h e e f f e c t i v e n e s s o f t h e s t o p w a t c h a s a t i m i n g d e v i c e 
d e p e n d s d i r e c t l y u p o n o b s e r v a t i o n a l a n d m a n i p u l a t i v e a b i l i t y ? 
h e n c e , o n t h e e x p e r i e n c e o f t h e o b s e r v e r . H o w e v e r , t h e 
o t h e r t i m i n g d e v i c e s r e q u i r e m e r e l y a t a p p i n g o f k e y s ; t h e r e ­
f o r e , t h e d e g r e e o f e x p e r i e n c e o f t h e o b s e r v e r w a s n o t 
e x p e c t e d t o h a v e a s i g n i f i c a n t e f f e c t o n t h e r e s u l t s o b t a i n e d . 
O n l y f u l l y q u a l i f i e d t i m e s t u d y o b s e r v e r s f r o m o n e p l a n t 
w e r e u s e d i n t h i s s t u d y * T h i s p r o b a b l y a l l o w e d a b e t t e r 
a n a l y s i s o f d e v i c e s e f f e c t ; b u t i t p r o b a b l y r e d u c e d t h e 
d a t a v a r i a b i l i t y b e l o w t h e l e v e l t h a t w o u l d b e e x p e c t e d f r o m 
r a n d o m l y s e l e c t e d o b s e r v e r s . 
T h e e l e m e n t s t r u c t u r e i n t h i s s t u d y i s s y n t h e t i c , 
s h o r t , a n d r e p e a t e d i d e n t i c a l l y f r o m c y c l e t o c y c l e w i t h o u t 
d e l a y s o r o t h e r d y n a m i c f a c t o r s l i k e l y i n i n d u s t r i a l o p e r a t i o n s . 
A l s o , n o r a t i n g s w e r e r e c o r d e d * I t i s p o s s i b l e t h a t t h e s e 
c o n d i t i o n s i m p o s e d w e a k n e s s e s i n t o t h e s t u d y . H o w e v e r , 
b a s e d o n a n e n g i n e e r i n g a n a l y s i s o f t h e d e v i c e s , i t s e e m s 
r e a s o n a b l e t h a t u n d e r a c t u a l t i m e s t u d y c o n d i t i o n s t h e a u t o ­
g r a p h i c t i m e r , t h e w i r e r e c o r d e r , a n d t h e e l e c t r o n i c t i m e r 
w o u l d g i v e r e s u l t s s t a t i s t i c a l l y e q u i v a l e n t t o t h o s e i n d i c a t e d 
i n t h i s s t u d y . I t a l s o s e e m s r e a s o n a b l e t h a t t h e s t o p w a t c h 
a n d t h e m a r s t o - c h r O n w o u l d g i v e s t a t i s t i c a l l y l e s s a c c u r a t e 
r e s u l t s d u e t h e r a t i n g p r o b l e m s w h i c h h a v e b e e n d i s c u s s e d 
p r e v i o u s l y . 
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C H A P T E R V I 
RECOMMENDATIONS 
T I M E S T U D Y T E C H N I Q U E S A N D T I M I N G D E V I C E S O F F E R A 
C O N S I D E R A B L E N U M B E R O F A R E A S F O R F U R T H E R I N V E S T I G A T I O N S 
B E Y O N D T H E S C O P E A N D T I M E L I M I T A T I O N S O F T H I S E X P E R I M E N T * 
S O M E O F T H E E X P E R I M E N T A L S T U D I E S A R E S U G G E S T E D I N T H E 
F O L L O W I N G L I S T : 
L A A N E V A L U A T I O N O F O T H E R T I M E R S S U C H A S T H A T O F 
T H U E S E N ( 3 0 ) C O U L D B E A C C O M P L I S H E D T H R O U G H A N 
E X P E R I M E N T S I M I L A R TO T H E P R E S E N T S T U D Y U S I N G 
E I T H E R T H E A U T O - G R A P H I C T I M E R , T H E E L E C T R O N I C 
T I M E R , OR T H E W I R E R E C O R D E R F O R C O M P A R I S O N . 
2 . A N I N V E S T I G A T I O N S H O U L D B E M A D E TO D E T E R M I N E T H E 
E F F E C T O F R E C O R D I N G L E V E L I N G F A C T O R S O N T H E P R E C I S I O N 
A N D A C C U R A C Y O F T H E T H R E E D E V I C E S W H I C H SHOWED N O N ­
S I G N I F I C A N T D I F F E R E N C E S I N T H I S S T U D Y , 
3 . S T A T I S T I C A L A N A L Y S I S S H O U L D B E M A D E O F T H E T H R E E 
D E V I C E S W H I C H SHOWED N O N - S I G N I F I C A N T D I F F E R E N C E S I N 
T H I S S T U D Y WHEN U S E D B Y B O T H S K I L L E D A N D U N S K I L L E D 
T I M E S T U D Y O B S E R V E R S * 
56 
4, The method of using three watches as reported by 
Cyrol (11) seems to have merit for some time study 
situations. The relative accuracy and precision of 
this method should be investigated. 
5, Experiments should be conducted to verify or refute 
the possibility that the results of this investi­
gation do not represent those which would occur 
under actual time study conditions. 
6, An investigation should be made of the relative 
accuracy of predetermined motion-time standards 
versus time standards established by auto-graphic 
timer, wire recorder, or electronic timer, 
7, There is a need to establish some guide so that the 
required level of detail and accuracy in work 
measurement may be more closely related to the require­
ments of the purpose for which the measurement is 
made. This would indicate which of the several time 
study techniques should be used. 
8, Investigation should be directed toward finding 
reasons for the lack of homogeneity of variance 
within elements which are preceded by very short 
(0.02 to 0.03 minute) elements. 
APPENDIX ONE 
ORIGINAL DATA 
MEANS AND STANDARD DEVIATIONS 
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PARTIAL RECORDINGS 
.04 7 ! 
.08 2 
.0 2 4 
.0 5 9 
.0 6 8 
.0 5 2 
.0 4 6 
.0 8 3 
.0 2 1 
.06 1 
.0 6 8 
.0 5 2 
.0 4 8 
.0 8 1 
.0 2 3 
.0 6 0 
.0 6 9 
.0 5 1 
.0 4 8 
.0 8 1 
.0 2 3 
.0 6 2 
.0 6 8 
.0 5 2 
ELECTRONIC TIMER 








. 0 6 0 
. 0 2 0 
AUTO-GRAPHIC TIMER 
I L°° L<CR 1 1° 1 I1"* 1 I LRI|IIL Î I 
I I 11 L JI L|L 11 111 1.1111111,111 
1,11111,11 
1 
111 11 L|  1 1̂111 IFL I 
) O O O O O O O O O O O O O O 1 
MARSTO-CHRON 
FIGURE 8. ORIGINAL RECORDINGS 
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T a b l e 9 
O b s e r v e r 
E l e m e n t s 
1 2 3 4 5 6 
47 8 2 23 60 71 50 
47 83 2 4 60 68 5 2 
4 6 84 25 58 71 49 
47 83 29 55 68 5 2 
47 81 24 60 69 5 2 
45 84 24 59 69 51 
47 83 23 61 68 52 
A 46 83 24 60 68 5 2 
47 8 4 23 60 68 51 
47 8 2 24 59 69 51 
48 8 2 24 59 69 51 
47 83 24 60 68 5 2 
46 83 26 59 69 53 
43 83 25 59 67 51 
46 8 4 24 59 70 . 48 
47 • 
83 
23 60 69 53 
46 8 2 31 53 69 51 
47 8 2 23 61 69 51 
47 83 25 60 68 5 2 
45 83 23 61 69 5 2 
46 8 2 23 61 69 5 2 
45 8 4 22 61 69 51 
B 48 8 2 23 62 68 51 
47 83 22 61 70 50 
48 83 21 64 67 51 
47 83 2 2 6 2 68 51 
48 8 2 25 58 69 5 2 
48 80 2 2 60 70 51 
47 8 2 23 61 69 51 
47 83 2 2 61 69 5 2 
O r i g i n a l Da ta f o r E l e c t r o n i c T imer 
( T h o u s a n d t h s o f a m i n u t e ) 
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Table 9. (Continued) 
Observer Elements 1 2 3 4 5 6 
47 86 26 56 68 51 
47 81 24 61 70 51 
45 84 22 60 70 51 
48 82 23 60 70 52 
45 84 25 60 74 50 
46 83 24 59 69 51 
47 82 24 60 68 53 
C 46 83 25 59 69 51 
46 84 23 60 69 53 
45 84 23 60 66 51 
47 83 23 60 69 52 
47 82 23 61 68 52 
47 83 23 60 69 53 
46 82 23 61 69 51 
47 82 23 61 69 53 
48 82 22 63 68 50 
48 81 25 60 69 51 
47 82 23 62 68 51 
48 82 23 60 68 51 
47 83 24 60 68 52 
48 82 22 61 71 49 
46 83 24 60 69 51 
47 83 25 58 70 51 
47 82 24 59 68 52 
46 83 21 61 68 52 
48 81 23 60 69 51 
48 81 23 62 68 52 
47 82 23 61 68 52 
48 82 24 60 68 51 
54 76 23 61 67 52 I 
Original Data for Electronic Timer 
(Thousandths of a minute) 
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Table 9. (Concluded) 
Observer Elements 1 2 3 4 i 5 
! 
6 50 79 23 60 | 69 51 47 83 27 56 69 52 47 82 24 59 70 51 47 83 24 58 70 51 48 83 24 58 69 52 48 81 24 60 68 52 E 47 83 24 59 69 52 46 83 24 59 69 52 46 82 24 60 73 50 49 84 24 60 68 52 46 84 23 60 68 52 46 83 25 59 68 53 46 83 23 61 68 52 46 83 25 58 69 52 46 83 24 58 69 54 
Original Data for Electronic Timer (Thousandths of a minute) 
Table 10 
Original Data for Marsto-chron 
(Thousandths of a minute) 
Observer Elements 1 2 3 4 5 6 
24 66 35 50 70 48 
45 87 26 54 69 53 
49 77 27 56 69 51 
49 80 26 56 68 51 
47 83 25 59 67 51 
46 83 24 59 68 50 
48 83 23 59 68 51 
A 48 83 22 60 72 50 
42 83 26 58 69 49 
48 83 23 59 68 52 
47 82 30 54 67 52 
45 82 25 58 70 52 
47 80 23 60 70 50 
46 83 23 64 65 51 
47 82 25 58 68 50 
47 82 25 58 69 51 
47 83 25 58 67 49 
48 81 26 58 68 52 
46 82 22 62 68 51 
46 84 21 60 68 51 
48 81 23 62 68 50 
46 83 23 62 68 51 
B 47 83 22 59 68 51 
46 82 24 60 69 52 
47 82 23 60 69 51 
47 82 23 59 69 50 
48 81 23 62 68 51 
47 82 22 61 69 51 
48 80 23 59 69 51 
46 83 23 62 69 51 
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Table 10. (Continued) 
Observer Elements 1 2 3 4 5 6 
20 77 25 59 67 51 
36 83 27 58 73 49 
42 82 26 56 69 52 
47 82 24 62 68 49 
47 83 22 61 68 52 
52 77 25 57 69 53 
36 80 23 63 67 57 
C 41 82 22 61 68 50 
50 78 23 62 68 54 
41 81 22 60 70 50 
44 82 24 61 70 50 
41 82 23 60 68 51 
44 82 23 61 72 50 
40 83 23 63 65 53 
41 77 27 56 69 52 
48 80 27 56 69 54 
45 82 23 61 68 50 
46 81 27 58 68 52 
46 83 23 59 70 52 
45 82 24 66 62 52 
48 81 25 59 68 52 
46 80 25 58 69 55 
D 43 83 22 65 66 49 
48 83 24 59 41 82 
44 85 22 59 67 51 
49 79 27 58 68 50 
47 84 22 63 67 54 
43 82 24 61 74 44 
; 4 9 80 21 62 68 49 i 47 83 22 63 69 52 
Original Data for Marsto-chron 
(Thousandths of a minute) 
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Original Data for Marsto-chron 
(Thousandths of a minute) 
Table 11 
Original Data for Wire Recorder 
(Thousandths of a minute) 
llements 
uoserver 1 2 ! 3 4 5 6 
51 78 25 59 69 53 
43 83 26 58 68 50 
49 80 23 60 66 51 
47 81 26 57 68 51 
1 47 81 24 61 65 49 
| 48 80 23 60 69 50 
A 46 82 24 55 70 49 
46 80 23 60 67 51 
45 82 24 58 66 50 
46 83 24 59 67 50 
45 82 25 58 67 51 
46 82 24 57 67 51 
44 81 24 59 68 50 
47 82 24 65 60 51 
45 83 24 58 67 49 
48 81 23 62 67 51 
47 81 22 60 68 51 
46 82 22 59 68 51 
45 82 23 59 69 51 
45 83 21 61 68 50 
48 80 22 60 68 51 
45 81 22 60 67 51 
B 45 83 22 60 68 50 
46 82 25 57 68 50 
45 82 22 59 68 50 
46 81 24 59 66 51 
47 80 24 59 67 50 
47 80 21 61 66 51 
45 81 25 56 69 51 
46 83 23 60 68 50 
6f> 
Table 11. (Continued) 
Elements 
Observer 1 2 3 4 5 6 
46 85 27 54 68 52 
46 83 24 58 68 51 
47 81 22 59 69 51 
45 82 24 58 68 51 
45 82 24 57 68 50 
46 82 22 59 68 50 
46 81 23 65 62 50 
C 45 81 25 59 67 51 
47 81 22 59 68 50 
46 80 24 58 68 50 
47 81 22 59 67 51 
46 81 23 59 69 50 
47 81 22 59 67 51 
46 82 24 58 68 51 
46 81 22 59 68 50 
%J £t 79 24 59 69 51 
46 83 24 59 69 50 
46 83 22 59 68 51 
47 81 26 56 68 50 
46 80 23 59 68 49 
47 80 24 60 68 49 
46 82 22 60 67 51 
D 45 81 24 59 67 50 
47 80 23 57 67 51 
46 80 24 58 68 50 
47 81 24 58 68 50 
46 82 23 59 68 51 
45 81 23 60 67 50 
46 82 22 60 67 50 
47 80 24 58 67 49 
Original Data for Wire Recorder 
(Thousandths of a minute) 
Table 11. (Concluded) 
Original Data for Wire Recorder 
(Thousandths of a minute) 
Observer Elements 1 2 ! 3 
! 
4 5 6 
48 83 24 59 68 51 
48 81 24 59 68 ! 51 
46 83 23 58 69 51 
45 82 25 57 68 50 
47 82 23 59 67 50 
47 81 24 59 68 50 
48 81 24 58 68 50 
E 48 82 23 60 66 51 
46 82 25 58 67 52 
46 81 29 54 66 51 
46 81 23 58 69 50 
50 78 25 57 68 50 
46 82 24 59 67 51 
47 80 26 57 68 51 
46 82 24 58 67 52 
68 
Table 12 
Original Data for Stopwatch 
(Hundredths of a minute) 
Observer Elements 1 2 3 4 5 6 
4 8 2 5 6 5 
4 8 2 5 6 5 
4 8 2 5 6 5 
4 o 2 5 6 5 
4 7 2 5 6 5 
4 8 2 5 6 5 
4 7 2 5 6 5 
A 4 7 2 5 6 5 
4 7 2 5 6 5 
4 7 2 5 6 4 
4 7 2 5 6 5 
4 7 2 5 6 4 
4 8 2 4 CD 5 
4 8 2 5 6 5 
4 7 2 6 5 
4 8 2 6 7 4 
4 6 3 6 7 5 
4 8 2 6 7 4 
4 8 2 5 7 5 
5 8 2 6 7 5 
5 7 2 6 7 5 
5 8 3 5 7 4 
B 4 8 3 5 7 5 
4 8 2 5 7 5 
4 9 2 5 6 5 
4 8 2 5 7 5 
5 7 2 5 7 5 
5 8 2 6 7 4 
4 8 2 6 7 4 
4 8 3 5 8 5 
Table 12, (Continued) 
Original Data for Stopwatch 
(Hundredths of a minute) 
Observer Elements 1 2 3 4 5 6 
4 8 2 4 6 4 
4 8 2 5 6 
4 8 2 5 6 5 
4 8 2 6 6 5 
4 7 2 5 6 5 
4 7 2 5 6 5 
4 8 2 5 6 5 
C 4 8 2 5 6 4 
4 8 2 5 6 5 
4 7 2 4 7 4 
4 7 2 5 6 4 
4 7 2 5 6 4 
4 7 2 5 6 4 
4 8 2 6 6 4 
4 8 2 5 6 4 
4 7 2 5 6 4 
4 8 2 6 6 5 
4 8 2 6 6 5 
4 8 2 6 6 5 
4 8 2 5 6 5 
4 CO 2 6 6 
4 00 2 6 6 5 
4 8 2 6 6 5 
D 4 8 2 6 6 5 
4 8 2 5 6 5 
4 8 2 5 6 5 
4 8 2 6 6 5 
4 8 2 6 6 5 
4 8 2 6 6 5 
4 8 2 6 6 5 
4 8 2 6 6 5 
Table 12 0 (Concluded) 
Original Data for Stopwatch 
(Hundredths of a minute) 
Observer Elements 1 2 CO 4 5 
4 7 
i 
! 2 5 6 5 
4 7 5 6 4 
4 7 2 5 6 5 
4 7 2 5 6 4 
4 7 2 5 6 5 
4 8 2 5 6 4 
4 8 2 4 6 5 
E 4 8 2 5 7 5 
4 7 2 5 6 5 
4 7 2 5 6 5 
4 7 2 5 6 5 
4 8 2 5 6 5 
4 7 2 6 CD 5 
5 7 2 5 6 5 
4 7 2 5 6 4 
Table 13 
Original Data for Auto-graphic Timer 
(Thousandths of a minute) 
Observer 
Elements 
1 2 3 4 5 6 
48 81 23 61 67 50 
48 81 24 60 67 4 8 
50 81 26 57 68 50 
47 81 23 60 6 9 51 
47 82 22 59 70 4 9 
47 80 24 59 6 8 ! 51 
48 80 23 59 70 49 
A 48 79 24 60 68 4 9 
47 82 25 58 6 8 50 
48 80 25 58 68 50 
46 83 25 57 6 9 50 
48 81 24 58 69 51 
46 81 23 59 69 50 
47 82 22 60 68 50 
48 81 24 57 69 52 
47 82 23 60 68 50 
46 83 23 60 6 8 50 
47 82 24 59 6 8 50 
47 81 22 60 69 49 
48 81 22 60 68 50 
47 82 23 61 67 50 
46 82 21 61 68 50 
B 45 84 22 61 67 50 
46 82 22 63 67 51 
45 82 24 59 68 50 
47 81 22 61 69 50 
46 83 25 57 69 49 
48 81 22 61 69 50 
46 83 24 58 68 51 
46 82 22 60 69 50 
Table 13. (Continued) 
1 1 1 1 
\->
 to CO 4 Ll J ! 6 
55 75 24 58 68 49 
46 84 25 59 1 66 51 46 82 24 61 J 66 50 46 82 23 61 68 48 
46 82 23 61 67 50 
46 82 23 59 70 48 
47 82 21 61 72 44 
C 47 83 24 58 68 49 
48 82 23 60 68 1 49 48 81 23 59 68 1 50 45 83 23 60 68 50 
47 83 22 59 68 51 
46 82 22 62 66 50 
46 83 22 62 67 i 49 
46 83 25 58 70 [ 47 
49 81 25 56 67 49 
49 80 27 56 68 50 
47 81 25 58 68 50 
48 80 23 59 68 1 50 
46 83 27 56 66 51 
46 82 25 58 68 51 
46 81 24 58 68 50 
D 47 81 24 60 68 50 
48 82 27 55 68 50 
47 82 23 59 67 49 
46 83 25 59 67 51 
48 80 24 59 68 51 
47 82 23 59 68 50 
46 83 23 59 67 51 
45 | 82 23 61 62 52 
Original Data for Auto-graphic Timer 
(Thousandths of a minute) 
Table 13. (Concluded) 
Original Data for Auto-graphic Timer 
(Thousandths of a minute) 
Observer Elements 1 2 3 4 
! 
6 
47 83 28 55 68 50 
47 81 25 57 ! 69 50 
47 81 27 58 66 50 
48 81 26 56 69 50 
47 82 ; 24 58 68 51 
46 81 25 59 66 51 
46 82 25 59 67 51 
£ 46 82 23 60 67 51 
48 80 25 57 68 50 
48 82 23 58 69 51 
46 81 23 60 68 50 
46 81 27 57 67 52 
48 80 26 57 68 52 
46 82 23 60 68 51 




J 1 1 2 3 4 5 6 
A 47.53 81.00 23.80 58,80 68.47 50.00 
B 46.46 82.07 22.73 60.06 68.13 5 0 0 0 0 
I C 47.00 81.93 23.13 59.86 68,00 49,00 
I D 47.00 81.53 24,53 58,13 67,20 50,33 1 
E 46.86 81,40 25,00 57,86 67,80 50,80 
A 40*00 74.60 20 o00 50.00 60.00 48.00 
B 43.30 78.00 22,60 54.60 70,00 46, 60 
II C 40,00 75,30 20,00 50.00 60,60 44,00 
D 40,00 80,00 20.00 58,00 60.00 50.00 
E 40,60 72,70 20,00 50.00 60»60 47.30 
A 46.33 81.33 24 s20 58.93 66.93 50.40 
B 46.06 81.47 22.73 59.46 67.67 50,60 
III c 46.06 81.60 23,33 58,66 67.53 50.60 D 46.60 81.00 23,46 58,73 67,73 50.13 
E 46.93 81.40 24,40 58,00 67,60 50.73 
A 45.20 8 1 a 1 3 25,53 57 .GO 68.53 50,73 
B 46.93 82.07 23.20 30.13 68.40 5 0 e 8 6 
IV C 41.4 6 80.73 23,93 60,00 68.73 51.53 
D 46.26 81.87 23.86 60.46 66,26 53.20 
E 42.93 81.93 2 4 c 7 3 59.00 68,27 51,06 
A 46.40 82.93 24,40 59*20 68,80 51,13 
B 46.86 82.47 23,33 60,40 68,80 51.40 
V C 46.40 83.00 23.60 59,86 69.13 51,66 
D 47.80 81.67 23.33 30,53 68.47 5 1 8 2 0 
E 47.00 82,60 24„13 59,00 39.07 51,86 
Means of Observations 
(Thousandths of a minute) 
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Table 15 
Standard Deviations of Original Observations 
(Ten thousandths of a minute) 
Mi Elements 1 2 3 4 5 6 
A 9.90 10.00 10.35 12,59 9.15 10.00 
B 9.15 8.83 10.65 14.38 7.43 5 a34 
I C 12.06 26,57 11.26 14.08 16.47 17,74 
D 11.96 10.72 15.04 16.86 7.27 8.17 
£ 8.10 8.28 16.03 15.17 10.14 7,74 
A 0 51.66 0 37.79 0 41,42 
B 48.78 67.61 45.78 51.66 37.79 48,79 
II C 0 51.64 0 53.45 25.82 50.71 
D 0 0 0 41.42 0 0 
£ 25.82 45 e77 0 37.79 25.82 45.77 
A 19.87 13.73 9.41 22.53 23.13 10.54 
B 10.14 10 a 62 13.95 15.05 8.99 5.07 
III C 7.04 11.84 14.48 18.48 16.43 6.32 
D 16.39 11.96 10.61 11.77 7.04 7,43 
E 12.79 12.42 19.56 14.18 9.10 7*03 
A 61.32 35.22 33.12 32.67 16.46 12,79 
B 7.99 10.26 13.21 15.06 6.39 7,43 
IV C 71.79 23.13 17.09 23*29 15.31 21.32 
D 15.99 16.82 19.95 28.51 74.01 113*49 
E 57.91 20.16 14 c86 18,89 9.61 7.04 
A 11.84 8.84 15.02 13,72 11.45 13*03 
B 9.90 9.16 23,81 24.14 7.75 7,37 
V C 9.10 12.54 10.54 12.46 16.82 9.76 
D 18.59 17.18 11.14 12.47 9.90 8.62 





Mean Squares for Element 1 












































Total 24 1.643 
* Sig, Level of 0.001 means that the F ratio exceeds the 
tabular value of F having an area of 0,001 to the right. 










F Sig. Level 





Devices 3 3.567 1.189 3 B94 <0.05 3 l d 8 9 4.32 
Observers 4 0.767 0.192 <0,05 
Residual 12 3.628 0.302 16 0.275 
Total 19 7.962 
* Sum of Squares were calculated for ln(crx 10°) . 
7 8 
Table 17 
Mean Squares for Element 2 
Mean Squares of x's 
Source of 
Variance 
d f Sum of Mean 
Squares Square 
(xlO~ 4) (xl0~ 4) 
Pooled 
Sig. Error F 


















Total 24 1.678 










Devices 3 0 .847 0.282 
Observers 4 0 .640 0.160 
Residual 12 1 .167 0.097 















* Sum of Squares were calculated for ln(£Txl0 ) 
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Table 18 
Mean Squares for Element 3 
Mean Squares of x rs 
Source of 
Variance df 
Sum of Mean 
Squares Square 























Total 24 0.661 
Mean Squares of £T's 
Pooled 
Source of ^ Sum of Mean -p Sig. Error p 
Variance Squares Square Level P Mean P 
Square 
Devices 3 0.442 0.147 1.35 >0,1 3 0,147 1.73 
Observers 4 0*045 0,011 - >0.1 
Residual 12 1.309 0*109 16 0.085 
Total 19 1.796 
* Sum of Squares were calculated for ln(^TxlO ) . 
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Table 19 
Mean Squares for Element 4 











































Total 24 2.500 
































Total 19 1.526 
* Sum of Squares were calculated for ln((Txl0 ) , 
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Table 20 
Mean Squares for Element 5 











































Total 24 2.225 



































Total 19 5.234 
• Sum of Squares were calculated for ln(cTxl0 ) . 
8 2 
T a b l e 2 1 
Mean S q u a r e s f o r E l e m e n t 6 
Mean S q u a r e s o f x ' s 
P o o l e d 
S i g . E r r o r 
L e v e l d f Mean F 
P S q u a r e p 
S o u r c e o f 
V a r i a n c e 
Sura o f M e a n 
d f S q u a r e s S q u a r e 
( x l O ~ 4 ) ( x l O " 4 ) 
D e v i c e s 
O b s e r v e r s 
O r d e r 
R e s i d u a l 
4 0 . 6 2 1 
4 0 . 0 6 9 
4 0 , 0 5 1 
1 2 0 , 1 3 6 
0 . 1 5 5 
0 a 0 1 7 
0 , 0 1 3 
0 , 0 1 1 
1 4 , 1 
1 . 5 
1 . 2 
0 . 0 0 1 
0 . 1 
0 , 1 
4 0,155 
2 0 0 , 0 1 3 
1 1 . 9 
< " 0 . 0 0 1 
T o t a l 2 4 0 . 8 7 7 
Mean S q u a r e s o f r. 
S o u r c e o f 
V a r i a n c e d f 
Sura o f 
S q u a r e s 
* 
Mean 
S q u a r e 
* 
F 
S i g , 
L e v e l d f 
P 
P o o l e d 
E r r o r 
Mean 
S q u a r e 
F 
P 
D e v i c e s 
O b s e r v e r s 




















T o t a l 19 7,681 
* Sum o f S q u a r e s w e r e c a l c u l a t e d f o r I n ( C T x l 0 ) 
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Table 22 
Analysis of Variance 
Two-way Table 
(Element 2) 
Transformation = x(10^) 
\ M i A B C 
1 
D E ^A 
I 8.10 8.21 8.19 8.15 8 e14 40.79 
II 7.46 7.80 7.53 8.00 7.27 38.06 
III 8.13 8.15 8.16 8.10 8.14 40.68 
IV 8.11 8.15 8.16 8.10 8,14 40,77 
V 8,29 8.24 8.30 8,17 8.26 41 926 
<r\V 40.09 40.61 40.P25 40.61 40.00 201,56 
^A^I v~se / a 40.51 40.32 40.68 40.06 39,99 
Trans format ion - m((7xl0 6) 
A B C D E ^A 
• 
I 6.97 6.86 7.89 7.03 6.80 35,55 
III 7.26 7.02 7.12 7.13 7,17 35,70 
IV 8.16 6.99 7„76 7.45 7.62 37.98 
V 6.86 6.89 7.18 7.47 7 017 35.57 
ft! 29.25 27.76 29.95 29.08 28,76 144.80 
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Table 23 
Analysis of Variance 
Two-way Table 
(Element 3) 
Transformation = x(10 ) 
J \ 
A B C D E 
I 2.38 2.27 2.31 2.45 2.50 11.91 
II 2.00 2.26 2.00 2.00 2.00 10.26 
III 2,42 2.27 2.33 2.35 2.44 11 981 
IV 2,55 2.32 2.39 2 g 3 9 2.47 12,12 
V 2.44 2.33 2,36 2.33 2.41 11*87 
11.79 U . 4 5 11.39 11.52 11.82 57.97 
ti 11.77 11.53 11.63 11.55 11,49 
Transformation = ln(0"xlO ) 
\ M. 
D J \ 
A B c D E 25 
I 7.00 7.02 7.08 7 a35 7.41 35.86 
III 6.92 7.28 7.31 7.02 7.60 36,13 
IV 8.10 7.23 7.47 7.61 7.34 37.75 
V 7.35 7.78 7.02 7.07 6.96 36,18 





Analysis of Variance 
Two-way Table 
(Element 4) 
Transformation z x(10 ) 
D J \ X 
A B C D E ^ A 
I 5.88 6.01 5.99 5.81 5.79 29.48 
I I 5.00 5.46 5.00 5.80 5.00 26 a26 
I I I 5.89 5.95 5.87 5.87 5.80 29,38 
I V 5.76 6.01 6.00 6.05 5.90 29.72 
V 5.92 6.04 5.99 6.05 5.90 29.90 
T-vV 28.45 29.47 28.85 
29.39 
29.58 28.39 144.74 
• r A ^ I S a 29.16 28.70 28.70 28,79 
Transformation = i n( (7x10 ) 
\ M i A B C D E 
I 7.18 7.31 7.29 7.45 7.36 36.59 
III 7.73 7.35 7.54 7.12 7.29 37.03 
IV 8.09 7.40 7.76 7.96 7.56 38.77 
V 7.26 7,80 7.17 7.17 7.18 36.58 
30.26 29.86 29.76 29.70 29.39 148.97 
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Table 25 
Analysis of Variance 
Two-way Table 
(Element 5) 







































34.43 si 33.27 34.30 33.39 32.97 33.34 167,27 
34.14 33.35 33.29 33.22 33 0 27 
Transformation = l n ( c T x 1 0 ) 
\ « i 
d j \ 
A B C D E E 






































Analysis of Variance 
Two-way Table 
(Element 6) 
Transformation s x(10 ) 




































si 25.02 24.95 24.68 25.48 25.18 125.31 
25.23 24.63 25.18 25.06 25.21 SI El 
Trans format ion = ln(CTxl0 6) 
A B C D E 
i 
I 



























SI 28.40 26.21 28.70 29.65 26.95 139.91 
APPENDIX THREE 
OBSERVER DATA 
INSTRUCTIONS TO OBSERVERS 
8 9 
P E R S O N A L D A T A S H E E T 
O F T H E S I S P A R T I C I P A T I N G O B S E R V E R S 
F U L L N A M E E D G A R H , R U T L E D G E A G E 3 6 
S C H O O L I N G H I G H S C H O O L 
T Y P E O F E X P E R I E N C E P R I O R TO 
T I M E S T U D Y R E P A I R O F A I R C R A F T 
L E N G T H O F T I M E S T U D Y T R A I N I N G 
L E N G T H O F T I M E S T U D Y E X P E R I E N C E 
WEAR G L A S S E S ? N O 
L E F T H A N D E D R I G H T H A N D E D 
L E A R N I N G A B I L I T Y T E S T S C O R E ( P O S S I B L E 9 0 ) 
3 M O N T H S 
3 | Y E A R S 
xx 
5 8 
F I G U R E 9 . P E R S O N A L D A T A S H E E T — O B S E R V E R A 
9 0 
P e r s o n a l D a t a S h e e t 
o f T h e s i s P a r t i c i p a t i n g O b s e r v e r s 
F u l l Name T h o m a s W. D e m p s e y A g e 3 7 
S c h o o l i n g H i g h S c h o o l 
T y p e o f e x p e r i e n c e p r i o r 
t o T i m e S t u d y " A i r c r a f t M e c h a n i c 
L e n g t h o f t i m e s t u d y t r a i n i n g 3 m o n t h s 
L e n g t h o f t i m e s t u d y e x p e r i e n c e 3 y e a r s 
W e a r g l a s s e s ? 89 
L e f t h a n d e d R i g h t h a n d e d x x 
L e a r n i n g A b i l i t y t e s t s c o r e ( p o s s i b l e 9 0 ) 7 2 
F i g u r e 1 0 # P e r s o n a l D a t a S h e e t — O b s e r v e r B 
P e r s o n a l D a t a S h e e t 
o f T h e s i s P a r t i c i p a t i n g O b s e r v e r s 
F u l l Name C h a r l e s E . G e o r g e A g e 5 0 
S c h o o l i n g H i g h S c h o o l 
T y p e o f e x p e r i e n c e p r i o r 
t o T i m e S t u d y M a c h i n i s t 
L e n g t h o f t i m e s t u d y t r a i n i n g 3 m o n t h s 
L e n g t h o f t i m e s t u d y e x p e r i e n c e 3 y e a r s 
W e a r g l a s s e s ? Y e s . 
L e f t h a n d e d R i g h t h a n d e d x x 
L e a r n i n g A b i l i t y t e s t s c o r e ( p o s s i b l e 9 0 ) 7 2 
F i g u r e 1 1 . P e r s o n a l D a t a S h e e t — O b s e r v e r C 
92 
P e r s o n a l D a t a S h e e t 
o f T h e s i s P a r t i c i p a t i n g O b s e r v e r s 
F u l l Name L e R o y C . W h i t a k e r A g e 3 8 
S c h o o l i n g H i g h S c h o o l 
T y p e o f e x p e r i e n c e p r i o r 
t o T i m e S t u d y A i r c r a f t M e c h a n i c 
L e n g t h o f t i m e s t u d y t r a i n i n g 3 m o n t h s 
L e n g t h o f t i m e s t u d y e x p e r i e n c e 4 y e a r s 
W e a r g l a s s e s ? N o 
L e f t h a n d e d B i g h t h a n d e d x x 
L e a r n i n g A b i l i t y t e s t s c o r e ( p o s s i b l e 9 0 ) 6 4 
F i g u r e 1 2 . P e r s o n a l D a t a S h e e t — O b s e r v e r D 
9 3 
P e r s o n a l D a t a S h e e t 
o f T h e s i s P a r t i c i p a t i n g O b s e r v e r s 
F u l l Name R a l p h F t C o x A g e 3 9 
S c h o o l i n g H i g h S c h o o l 
T y p e o f e x p e r i e n c e p r i o r 
t o T i m e S t u d y R e p a i r o f E l e c t r o n i c s E q u i p m e n t 
L e n g t h o f t i m e s t u d y t r a i n i n g 3 m o n t h s 
L e n g t h o f t i m e s t u d y e x p e r i e n c e 3 y e a r s 
W e a r g l a s s e s ? Y e s 
L e f t h a n d e d R i g h t h a n d e d x x 
L e a r n i n g A b i l i t y t e s t s c o r e ( p o s s i b l e 9 0 ) 6 9 
F i g u r e 1 3 . P e r s o n a l D a t a S h e e t — O b s e r v e r E 
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INSTRUCTIONS TO OBSERVERS 
I® A s y o u k n o w , t i m e s t u d y i s a m e t h o d o f m e a s u r i n g t h e w o r k 
c o n t e n t o f human t a s k s . T h i s m e t h o d r e q u i r e s a m e a s u r e m e n t 
o f t h e t i m e c o n s u m e d i n p e r f o r m i n g t h e w o r k * I t i m p l i e s 
c a r e f u l m e a s u r e m e n t o f a l l t h e w o r k e l e m e n t s o f a n o p e r a t i o n 
b y m e a n s o f s o m e p r e c i s i o n i n s t r u m e n t d e v e l o p e d f o r t h a t 
p u r p o s e . 
2 . A l s o , I ' m s u r e y o u a r e a w a r e t h a t t h e v a r i a b i l i t y o f 
i n d i v i d u a l o b s e r v a t i o n s i n y o u r t i m e s t u d i e s c o n t a i n s t w o 
e l e m e n t s , v a r i a b i l i t y o f t h e p r o c e s s b e i n g t i m e d ( t i m e d 
v a r i a n c e ) , a n d v a r i a b i l i t y o f y o u r m e a s u r e m e n t ( t i m i n g 
v a r i a n c e ) . O f c o u r s e , t h e w o r k e r ( o r p r o c e s s ) c o n t r o l s t h e 
t i m e d v a r i a n c e , b u t t h e t i m i n g v a r i a n c e i s d u e t o t h e 
c h a r a c t e r i s t i c s o f y o u , t h e o b s e r v e r , a n d t h e d e v i c e y o u a r e 
u s i n g . 
3 . N o w , f o r a m o m e n t , l e t ' s a s s u m e t h a t we h a v e t h e " b e s t " 
m e t h o d f o r a n o p e r a t i o n a n d t h a t we h a v e a f u l l y q u a l i f i e d 
n o r m a l o p e r a t o r p e r f o r m i n g t h a t o p e r a t i o n . L e t ' s f u r t h e r 
a s s u m e t h a t t h e e a s e a n d a c c u r a c y o f l e v e l i n g w o u l d b e e q u a l 
r e g a r d l e s s o f w h i c h t i m i n g d e v i c e i s b e i n g u s e d . I t f o l l o w s , 
t h e n , t h a t i f t h e V a r i a b i l i t y o f o b s e r v a t i o n c a n b e r e d u c e d , 
t h e n u m b e r o f o b s e r v a t i o n s a l s o c a n b e r e d u c e d . 
4 . T h e r e f o r e , t h e p u r p o s e o f t h i s s t u d y i s t o d e t e r m i n e 
w h e t h e r t i m e s t u d y o b s e r v e r s , w h e n u s i n g d i f f e r e n t t y p e s o f 
t i m i n g d e v i c e s , e x h i b i t a s i g n i f i c a n t d i f f e r e n c e i n t h e 
p r e c i s i o n a n d a c c u r a c y w i t h w h i c h t h e y r e a d a n d r e c o r d t i m e 
i n t e r v a l s b e t w e e n t h e t e r m i n a l p o i n t s o f w o r k e l e m e n t s * I n 
o r d e r t o d e t e r m i n e t h i s , we m u s t f o l l o w a d e f i n i t e p r o c e d u r e . 
E a c h o f y o u h a s b e e n a s s i g n e d a l e t t e r ( A , B , C , e t c . ) , a n d 
e a c h t i m i n g d e v i c e h a s b e e n a s s i g n e d a n u m b e r ( I , I I , I I I , 
e t c . ) . T h i s w a s d o n e b y r a n d o m s e l e c t i o n 0 E a c h o f y o u a l s o 
h a s b e e n - a s s i g n e d a d e f i n i t e o r d e r i n w h i c h t o u s e t h e 
d e v i c e s , I w i l l g i v e t h o s e t o y o u n o w a 
F i g u r e 1 4 . I n s t r u c t i o n s t o O b s e r v e r s 
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5. In the order which you have just been assigned, each of 
you will time fifteen cycles of light flashes generated by 
this machine. There are six red flashes each cycle and one 
white flash to designate the end of a cycle. By using this 
machine to generate element end points rather than using an 
actual operation, the timed variance is reduced to the point 
that it is not significantly different from zero* The 
first fifteen cycles of timing on each device will be 
practice. This will acquaint you with the characteristics 
of each device, and also you will become familiar with 
elemental breakdown of the cycle. Since each of you has 
used snap-back timing in your regular work, we will use 
that method for the stopwatch here* After the fifteen 
cycles of practice, you will then time fifteen cycles, 
again in the proper order, to record the data which will be 
statistically analyzed. 
6« Are there any questions at this point? ...I will now 
demonstrate the proper use of each of the devices. 
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